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Ie Introduction face es eee Ss 


Ae General; -The report of CIOS Team No. 110 contains 
some general comments on Elberfeld research, products and 
operations. In order to make the present report more com=- 
plete, such information as is pertinent is repeated here. 
Some of -the information collected at Elberfeld is not new 
to us; nevertheless, it is included so as to give the reader 
an overall picture of the status of research and development 
at this plante 


Our impressions of the departments at Elberfeld are as 
follows; 


Synthetic Organic Research: This department has an ex= 
ied ieee staff headed by Dr. Fritz Sch8nh8fer, who in spite 
of difficulties during the past years has done good worke 


Development Department; This division is headed by Dr. 
D8rr, who — a@ reasonably well equipped technical room and 
a good staff. His reports indicate a very thorough job on 
the projects undertaken by this groupe 


Tropical Medicine; Headed by Dr. Walter Kikuth, this 
section does an excellent job of providing birds, mosquitoes 
and other test materials. Some of Kikuth's methods and 
conclusions, however, are subject to criticism by our 


experts. 


Pharmacology; Headed by Dr. Weese, this department is 
very well set up with many new ideas on equipment and con~ 
veniences. We feel, however, that the work of this depart+ 
ment is not of high standard, and is frequently inadequate 

to support conclusions drawn from ite 


Points of special interest in processing were; 


Berbiturates;: Sodium ethylete is made in a special 
safety room in special reaction vessels, the alcohol being 
maintained under nitrogen. Sodium is cut into small pieces 
and introduced through a double-valve trap-door, nitrogen 
being flooded into the valve both from the vessel and a 
separate connection. 


Vitamin Dg: In the vitamin D2 process about 7 kge per 
month are made. After irradiation of ergosterol the vitamin 
De is purified via the dinitrobenzoate. Subsequently the 
dinitrobenzoic acid ester is hydrolyzed giving pure Dg. From 
1 gm. of ergosterol about 0.25 to 0.30 gm. of De is obtainede 


BIS2S-! Ripe ome , 


Olive oil fs used as a carrier for the commercial product. 


Be Plant; The physical plant is in excellent condition, 
having suffered only one bomb hit in 1943 and 12 artillery 
shells on the last day before our occupatione Machine gun 
strafing was frequent but did no material demagee Several 
units of the plant were inspected and found to be clean, 
well designed and roomy; more so than most American plants. 
The practice at Elberfeld was to put each product manufactre 
in a separate building or section of a building, and to 
provide separate equipment for that operation alone. This 
results in the duplication of certain equipment that could — 
be used’for a number of productse On the other hand, it 
prevents contemination and the need for thorough cleanup 
after runs on different materials. All the equipment, 
while not new, was well-designed, spaced widely to give 
plenty of light and floor space, and maintained in excellent 
condition. Safety measures were up to date, and adequate 
provision was made for the protection of plant and employees. 


Official permission was given to open the plant on 28 
May 1945. Three weeks' supply of coal was on hand ‘and 
arrengements for further provision were being made through 
the military government, 


During the six weeks' shut-down the workers have been 
peid some money and are available for work, All of the 
research personnel is in Elberfeld or nearby in small 
communities, except Domagk, who is missing somewhere in 
the Hamburg sreae 


Ce Interrogation of Dr. H8rlein, General Meneger: Dr. 
H8rlein, ateret Manager and director of the various in- 
stitutes, was first interrogated. He had little detailed 

information at hand so that most of his answers were general 

in nature. In answer to a question regarding Japanese 

cooperation, he said that none existed. He alleged that 

even before the war the Japs were a source of trouble to 

the I. Ge They used I. G patents and information illegally, 

and some patent suits were filed against them. H8rlein 

gave all the appearance of intense dislike for the Japse 


Regarding the number of men employed in the labora~ 
tories, H8rlein said that research suffered during the war. 
At times one-third of the staff were away and the average 
efficiency was only 50%. When interrogated regarding any 
special work for the Wehrmacht or the Nazi party, H8rlein 
replied that no special work or contract work had been donee 
He said their products had been supplied in quantity to the 
Germen Army. Atebrin, Sulfonamides, Marfanil, and Periston 
were the large items. Periston was not supplied in the 
BIS2S5-) ow hn 
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quantities wanted because of a shortege of containers and 
stopperse 


Regarding the Nazi party, he stated that Julius 
Streicher was openly antagonistic to I. Ge -Soon after the 
Nazis ceme to power a series of cartoons, labelled “Isadore 


G. Ferber", appeared in Streicher's papere H&8rlein said he 


joined the party only because it was necessary to carry on 
+he work of the company. He does not know of any clinical 
work carried out on POW's or displaced persons. 


 H8rlein was also interrogated concerning his work on 
carcinoma. He said no results of promise had been obtained 
from screening testse (Dr. Hackmenn's work on cancer appears 
in a later section of this report.) He did say that the 
work of K8gl on the presence of d-glutamic acid in tumor 
tissue had been confirmed. The significance of this finding, 
even if true, is obscure. (This statement, as well as KSgl's 
claims in his original publication, have not been. confirmed 
by British and American investigatorse) H&rlein admitted 
that American and British results with diethylstilbesterol 
in prostate carcinoma have been confirmed in the I. Ge 
laboretoriese He also said that insulin manufacture was 
carried on at H8chst, but that the supply did not meet the 
demand. No attempts had been made to find a substitute 
material for insulin preparatione At present there was a 
big shortage of pancreas, since in normal times most glands 
are imported. 


De Interrogation of Dr. Lutter, General Works Superintendent ; 

The following points were developed; 

1. All packaging of finished pharmaceutical products 
made at Elberfeld is done at Leverkusene None is done at 
the Elberfeld plant, except lerge drums of rubber. accel- 
eratorss 

2 Those in charge at Leverkusen are Director Schellen- 
berg, in charge of all packaging; Dr. Neubert for tablets; 
and Dr. Daab for ampoulese 

3. Blberfeld manufactures the following vitemins;: 

ae A from tune fish liver oils 
be By, synthetic. 
‘Ce Bo, synthetic. . 
d. Do, irradiation of ergosterol. 
The other vitamins are made at other plants, for 
example, vitamin ¢ at H&8chste 

4. Regarding mixtures of vitamins, Lutter said that B 
and CG were never mixed with A because of the instability of 
By and Ce Mixtures of Bg with nicotinamide are now on 


stability tests, but mixtures of By with nicotinamide have 
never been tried. 


Ee Manufacturing; Dre Lutter is in charge of all manufac 
turing at Elberfeld, with Dr. Rietz as hia assistant. Dr. 
D&8rr is in charge of the intermediate development of pro- 
ducts (The"“Technischer Raum" or Pilot Plant). The procedures 
in Elberfeld is for Dr. Sch8nh8fer's depsrtment to develop 

a product in the laboretory.e Dr. D&8rr's department then 
takes over and gets the process ready for the plant. It 
then becomes Dr. Lutter's responsibility to produce it for 
commercial salee The research department very seldom comes 
into the picture again, D8rr's department being the “trouble 
shooters". 


There is no pilot plant in the American sense. The old 
original laboratory plus several other laboratories consti- 
tute the entire development department. In one of these, 

a new leboratory, there are two 100 liter enameled stills 
equipped for reflux pressure or vacuum. This constitutes 
the only plant type equipment. 


Fe. General Sco of the Testing of Products; There are 
three testing groupse They are headed by (1) Kikuth for 
malaria and other parasitic diseases, (2) Domagk for 
bacterial chemotherapy, and (3) Weese for pharmacology. 
Special sheets are used, and samples of these are 


ineluded in this report (See Appendix 1). 


IIe ‘The Organic Research Department 


This Department is under the direction of Director Dr. 
Fritz Sch8nh8fer, who is a short<statured, pleasant and 
very cooperative subject for interrogation. He is one of 
the three I. G directors at Elberfeld. Drs. H8rlein 
end Lutter are the other two. 


Ae Personnel: His staff consists of the following men; 


Name | :Technical Education ;Principal Researches 
| ;School sProfessor =; 
reoch er Munic elan Antimalarials; basic 


Side chains for organic 
He. derivatives like 
ceresan, acaprin; vita~ 
7 min B,; barbiturfe acids. 
Dre Mietzsch Dresden KkS8nig Sulfonamides, sulfones, 
: | acridines such as ata~ 
brin, acrinil, antergan 
bs (RhP 


= 6 w 


Neme :Technical Education ;Principal Researches 


Dre Andersag Munich Hens Sontochin, Vitamin Bj, 
Fischer biotin constitution, 
desthiobiotin,benzochin, 
cyrene 
Dre Behnisch Breslau KSnigs Sulfonamides and sulf}~ 
Slotter ones, tocopherole 
Dr. Hiltmann Helfrich Was with I.G. about 3/4 


year, then went to Army 
and has only lately 


returnede 
Dr. Breitner Munich Hans Sontochin, insecticides, 
Fischer synthesis of oestrone= 
like substances. 
Dre Klarer Munich Hans Sulfonemides and sulfones. 
Fischer 

Dr. K18s Has been in Army since 
1941. Worked a little 
on Hg. compounds. Not a 
very promising chemist. 

Dr. Linsert G8ttingen Windeus Vitamins Do and Ds; 

Dre Fritz Adolph Bayer Zephirol and other 

Leuchs quart. salts. Age 64. 
Dr. Mauss Atabrin (discoverer acc- 
ording to Dr. Sch8nh8fer) 
Zanthones, analogues of 
known antimalarials. 

Dr. Meiser Munich Wieland DDT, compounds in ada= 
line field, laxative 
compoundse 

Dr. P8his Marburg Meerwein Sulfones, diisopropyl= 


Sulfone and isopropyl 
sulfonamid for cancer. 
Dr. Salzer Darmstadt Sch8pf Cyren and analogues, 
sulfonamides and azides 
and endochine 
Dr. Schrader Worked a little on Phos= 
phorus compounds, but 
worked chiefly for Prof. 


H8riein. 
Prof. Schmidt Strassburg Thiele Antimonials, amidines. 
Dr. Schtitz Jena Knorr Pharmacist. Worked for 


about a year and went to 
Army as meteorologist. 


Dr. Westphal G8ttingen Windaus Vitamin B,, Castrix, 
Esmodil, and pterines. 
Dr. Wieder Dischargede 


$1525 -1 * 7 


Be Consultents;: The Ie G. consultants receive no retainer 
fees, but are provided with apparatus, chemicals and funds 
for assistants. When 4 consultant produces a worthwhile 
product which is eventually put on the market, he receives 

a sum of moneye This sum varies, depending on "two factors. 
If a patent has been issued, it may be as high as fifty per- 
cent of the profits, but it also depends on the proportion 
of the total work performed by the consultant; and this 
percentage is paid during the life of the patent (15 years). 
On the other hand, if no patent has been obtained, a smaller 
sum, about five percent, is paid for fifteen years. Consul- 
tants ere free to carry on research of their own choice. 


Among the I. GC. consultants in chemistry are: 
Windaus in G8ttingen; 
Kuhn in Heidelberg; 
Brockmann in Posen; 
KSgi in Utrecht; 
Grewe in Strassburg, then G8ttingen; 
Kxonigs in Breslau; 
Sch8pf in Dermst adt ; 
Pfeiffer in Bonn; 
Kr8hnke in Berlin; 
Hans Fischer in Munich (to H&chst plant); 
Meerwein in Marburg. 


.Ge Bonus Plan; The type of bonus pian for I. G employees 
was much the seme as that for consultantse It frequently 
happened that men working for Sch6Onh8fer received larger 
total payments than he did. For examples, as a result of his 
work on the sulfa-drugs, Mietzsch received a total of about 
50,000 RM, while Sch8nh8fer was paid 48,000 RM. 


Salaries paid new chemists varied from 3000 to 4000 
marks per yeare On the basis of the pre-war mark, valued 
at forty cents, this would be about 1200 to 1600 dollars. 
Sch&Snh8fer stated that at least five years were necessary 
before a new chemist produced anything worthwhile. . 


De Patent Scope; An example of the scope of the patent 
department of ae I. Ge May be gained from the following 
list of countries in which two representative products 
have been patented. This was necessary because they had 
sales offices in theses countriess 


Vitamin B,:; England, France, Italy, Switzerland, 
Czechoslovakia, South Africa, Japan, 
Poland, Austria, Hungary, Sweden, British 
India, Australia, Holland, Jugoslavia, 
= § = 


37525 +1 


| Norwey, Denmark, Spain, Rumania, Belgium, 
Portugal, Mexico, Brazil, Argentina, 
Palestine, Greece, Ireland, Cmaia. 
Sontochin; Ersland, France, Egypt, Czechoslovakia, 
Switzerland, Japan, Holland, South Africa, 
| Argentina, Austria, Hungary, Spain, Poland, 
| U. Se Ae, Canada, Brazil, Greece, Iraq, 
; Jugoslavia, Mexico, Palestine, Rumania, 
India. 


Ee Sulfa Drugs; 


| le Products: I. G. Elberfeld makes the following 
. sulfa drugs; 


4 Pronta] bin HeN ¢ \) SozNHe 

q (Sulfanilamide ) <= Hp 
Prontosil rubrum HyNO»S S-5 2 n-& S-xa 

| 9 

Prontosil soluble HpN0ps -NaN- 6 NECOCHs 
q Nadss VA y/S0sNa 


Uliron HoN Coy soz ¢/ \ SOgN (CHg)2 
Neo-Uliron H,N {Ss SNE {S SOsNHCHs 
Uliron © HN ¢ \)S02NE ¢» SOpNHo 
\ 
Sulfapyridine HoN ¢ \ SO oNH- {! } 
y =< oF 
Zleudron_ EN ¢ SGsNH-C CH 
(Sulfeth{qeo1) ~ iiaied 
“4 
De benal HoN Ss cor) 
(Sulfapyrazine) 3 
v Merfenil Bee /_\}s0 gti, 


Tibatin Galactose wg S02 / “NH Gelactose 


BSIS2G - ord 9 es 


, w 
Bedional Band \sopht - UO = Nip 
(Sulfethiourea) q, \= 


20 Marfanil; No information on the chemotherapy of 
marfanil coulda be obtained from Domegk's assistants. Dr. 
Heckmann seid that since no chemical test method was avail~ 
able for merfanil in body fluids, a biologic method had been 
developede A series of test tubes is set up, each containing 
1 occ. of blood, 1 cc. of saline, 1 drop of 4 pararauschbrand 
bacillus culture, and different dilutions of Marfanile 
(The pararauschbrand bacillus is a member of the B. Welchii 
series.) The unknown fluid is put into another tube con= 
taining the above solutions, but no marfanil. By comparing 
the activity of the unknown on the inhibition of the para= 
rauschbrand bacillus with the series of knowns, an approxi~ 
mation of the concentration of marfanil in the unknown is 
obtainede 


A mixture of 10% marfanil and 90% sulfanilamide is used 
for dusting on wounds. It is not sterilized but is consid= 
ered by the I. G. workers to be self~sterilizing.e 


Marfanil (without sulfanilamide) is sold by the I. G. 
in teblets of 0.5 g.,; and, according to Hackmann, is widely 
used by the Wehrmacht. No clear evidence of its activity, 
however, om oral administration was forthcoming. A motion 
picture in color showing the beneficial effects of marfanil 
applied to grossly contaminated wounds of rabbits, is 
available at Elberfeld. It was difficult to judge the 
activity of the drug since debridement of the wound was 
also carried oute.e The drug wes administered locally as 
well es orally to the animals, with emphasis, however, on 
topical use. 


Dr. Hecht, the pharmacologist, gave the following 
information. The meximum tolerated intravenous dose of 
merfanil hydrochloride for mice was 0.1 to 0.5 g/Kg. Doses 
of 1-1.3 g/Kg produce mild symptoms such as dyspnea in all 
animals. A dose of 1.4 g/Kg killed one of these mice and 
1.5 g/Kg killed 2 to 3 enimalse 


Doses of 1.0 g/Kg administered to Rabbits caused a 
transitory fall of temperature of 0.5°C which lasted less 
than 4 hourse <A dose of 2 g/Kg caused a drop of 0.8°C, 

3 g/Kge a drop of 5°C lasting for 7-8 hours. The effects 
on the tempersture were even more pronounced when the 
preparation was given intramuscularlye 


a7s26-4 
- ihe 


a. ee 


Studies on temperature after oral and intramuscular ade 
ministration were also made on cats. 


Rabbits showed no evidence of toxicity, other than local 
effects, after repeated doses of as much as 0-5 g/Kg daily 
for seven days administered intramuscularly. Toxic effects 
were observed on cats after intramuscular administration. 


Hecht regards marfanil as relatively non-toxic, and has 
seen no evidence of cumulative toxicity. He believes that 


daily doses of 2-3 g. in divided doses can be given safely 
to human beings. . 


Se Compounds Made in the Search for Marfanil: Marfanil 
analogues were made syntheticallye These were of the 


following general structure; 


“: iti 

ae > (Glia) x ee 80, NC, 
No. RL R2 RO R4 x 
i # H I 
1880 H H H {)s0eitig 1 
1881 BE H H H 2 
1685 =s«#B H - C\ she 2 


Br 
1888 got Oe H @: 2 
Br 
1897 Cis CH3CO a H 1 
1914 Gis H H H 1 
1992 H H H CH 1 
1979 y H CH Cg 1 
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NOe 

2063 H 1 
r 

2061 H CH3CO H CHe SOoNHe 1 

2062 a H H Gie{ )S0zNie 1 


2085 = ca’) cs H H 1 
2086 S cut > H E 1 


HO 

2087 H CHgCO H C_ \sogi aI 
OCHS 

2088 2 cH{ OH a H 1 

2089 H CHgCO H (0008 1 


2091 H CH, C0 H C)NUCatis)2 1 


2092 H CHsC0 H < )s CO. CHg 1 
0 

2117 H ~cr H H 1 
H 

2109 H C )-0%- che ge H H : 


SO3Na SOgNa 


-CHp C )s0eitig H H 1 


~ 12 - 


2102 «CH, CO 
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NOs RL R® R® R4 


_ See oe 
2094 H Cy, Hp300 H E 1 
2093 H H H { sok i 
2139 H Cy eHs9 H H 1 
2158 HO Gisca up H 1 
2124  CHg CH H ee 1 
2171 CHgCO H H saa. 1 
| SOgNa 
2148 H H E eae oy 
2174 H 01 Hos H C1 pHs 2 
2252 H HN CO CEyCHgCO H H 1 
2259 H 04 Hpgc0 H C),HegCO0Osida2 
2283 H CH,CO H C1 pHs 1 
2280 H  CyoHosWH COOH H 1 
p o2e79 H x H CH, COOH ay 
| ee Ose Sg Bs ot 7 
8295 H CyHz,C00 CHpcO- 4# E : 
2420 H HOCC CH,CHsC0- = H 1 
2463 HoN cae’ SO pig 


When x becomes 3 or higher, the synthetic difficulties ars 
very great. The best compounds are those in which R equals 
H, and x is i or 2. In other cases markedly lessened ac- 
tivity results. It was stated that marfanil has some 
activity against aerobic bacteria but is specific against 
anaerobic bacteria. In vitro this seems to be true, but it 
is doubtful that it is true In vivo. 
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4. Tibstin; Domagk's department had nothing of interest 
regarding Tibatin. Dr. Hecht supplied the following. 
Tibatin is the bis-galactoside of 4,4' dieminodiphenyl~ 
sulfone, and was developed for the purpose of supplying 

a well-tolerated sulfone preparation which would be 
highly soluble and suitable for parenteral use. 


Clinically the use of Tibatin is frequently followed 
by fever. Hecht believes this to be due to pyrogens 
present in manufacturing the compounds, but not in the 
distilled waster in which it is dissolved. Fach batch 
produced by the I. G. is tested for pyrogens in rabbits 
before Treleasee The vrenaration is always administered 
intravenously, never orally or intramuscularlye The 
toxicity is said to be higher after oral administration. 
(Sydmiysis to highly toxie 4,4' diaminodiphenylsulfone). 
The preparation is put up in 5 c.c. ampoules containing 2 g. 
of Tibatin. The solution when manufactured is almost 
colorless but it darkens on standing. Some three year old 
smpoulss were dark brown. This discoloration is said not 
to affect toxicity or activity. 


Tibatin is made as follows; 
400 L. Methanol (not over 0.57 H 
29 Kg 4,4'-diamino-divhenylsulfone 
40 Kg Gelactose 
150 ge. Salicylic acid. 

The mixture is refluxed for 24 hours. After 10-12 
hours the galactose has dissolved to a greenish or 
yellowish solution, which is slightly cloudy due to the 
presence of CasO, in the galactose. After refluxing, 2K 
of Kieselcur is added and the mixture refluxed for 2 hours. 
The solution is then filtered through a hot filter into 
400 liters of butanol. The solution to be filtered is kept 
at 66~-70°C, but the filtrate is not allowed to heat above 
30°C after it has been added to the butanol, otherwise a 
slimy mess results. After cooling to 15°C, the product 
wiich separates out is collected in a centrifuge, washed 
with 20 liters of methanol and 20 liters of butanol. It 
is dried overnight at 60-65°9C in vacuo. It must not be 
heated above 35°C without vacuum at this point lest it 
liquify due to the small amount of water presente The 
yield is 48-51 Kg. The butanol*methyl alcohol mother~ 
liquors are separated by azeotropic distillation. 

(Details of this procedure for separation appear in Folder 
7 of CIOS Team No. 110). The monthly production aimed at 
is 800 Kge 


5. Compounds made in the Tibatin Series; 
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No R RL Ril 
859 Maltose H H 
865 Galactose H EH 
866 Mannose H E 
867 Glucose H Cis 
868 Maltose H OCH 
871 Malitose H CH 
919 ChsC0- E H 
Maltose 
921 Annamaldehyde bisulfite H E 
1105 <Acetaldehyde bisulfite H E 
1106 Propionaldehyde bisulfite Ez EH 
1154 Glucose bisulfite H H 
1301 Crotonaldehyde bisulfite H H 


6¢ Sulfone Derivatives for Chemotherapy other than Tibatin: 


Many other derivatives of 4,4' diamino~diphenyl sulfone 
besides suger derivatives have been made. YVoerious men have 
worked on this problem, but Dr. P@hls has done most of this 
worke 


Among the types of compounds made are: 


“EQ Od 


Where both R groups are the same 
R has been; Cg H5-CHe-C0- (P641) 
C4 Hg9Q~CH2CO- (P672 
g?CHe=C0= =: ( P7135 
Guo CH-G,cO~ = (F714) 

etce 
(B) Azo compounds ; 
Where both R groups are the same 
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R has been; 


-CONH i 2 (P754) 


: Ly — owe (755) 


CHs 
Ne 
“= | (P756) 
#CO 
Ks 
. s 
SOsH 


(c) Anils of 4,4" diamino-diphenyl sulfone using the 
following ddehydes; 


propionaldehyde (B49 

butyraldehyde (P850 

isobutyraldehyde (P6521 

cHo> CH= (CHe) 4 CHO (mono defivative P852) . 
 erotonaldehyde (P8653) | 


(D) Miscellaneous compounds; 
Among the many other variations made were: 


1. Witro sulfonese 

2-e Amino nitro sulfones 

3. Derivatives of (2) such as sugar, acyl, anils, 
diazo~coupling compounds. 

4. Corresponding sulfoxides of all the above. 

5. Corresponding sulfides of all the abovee 


Most of these represent excellent chemical syntheses, — 
but the toxicity and/or the activity is unfavorable. The 
only compound marked is Tibatin, 
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In the case of the sulfoxides, these are much less 
active than the corresponding sulfones, but the toxicity is 
the same. Consequently these were dropped. No work is 
being done on the sulfone problem at present. 


7. Badional: This drug is sulfethiourea. It is being 
tested in bronchopneumonia by inhalation thereapy. There 
are reports in the literature on this compound, e.g. 


Herris, T. N., Sommer, H. E., and Shapple, Ce Ce; 
Amer. J. ided. Sciences (1943 3 le 


Mooser, He, and Leemann, As; Schweiz. Med. Wehschr 
(1943), 1545. 3 


Kikuth has summarized his findings in the following 
statement; “Badional (sulfathiourea) is a well-tolerated 
substance which has been found to be active against various 
human infections, especially pneumonia. In our test 
experiments with the broncho-pneumonia virus of white mice, 
which produces a specific pneumonia, inhalation therapy 
with badional was found to be superior to subcutaneous 
administration, since, as we were able to show, it 
permitted a deposition of the substance in the pulmonary 
tissue and thus an intensive action upon the disease focus. 
Consequently, it appears promising to us to try the 
inhaletion therapy on human pneumonia patients." 

(an unpublished paper by Kikuth and Bock on this subject 

is given in Appendix 3.) Badional probably has some use~ 
fulness in this disease but it is doubtful whether it 
gan compete with a drug like penicillin. The method 

of preparation is given below. 


ae Preparation of “Sulfocalcium™ (Intermediate in 
preparation of Badional) 


900 liters of water are placed in a 2000 liter 
 4ron reactor with a stirrer and 150 Kg. of crude calcium 
 @yanemide are added. The mixture is allowed to stir at 
25°C for 3-4 hours and then filtered. The solution is 
analyzed and adjusted so that it contains 60-80 g./liter. 


The edjusted solution is mixed with 120 Kg. of 30% 

- godium hydroxide solution. To this is added the calculated 
quantity of prontyl chloride (p-acetamidobenzene sulfon- 
chloride). 

68.6 Ke. of calcium cyanamide = 200 Kg. of 100% 

prontyl chloride. 

Upon this addition, the temperature rises to 28-309C, After 
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3/4 of the prontyl chloride is added, the solution is tested 
to be sure it remains alkaline, and if necessary more sodium 
hydroxide is added. This amount of alkali is @ to 25 liters. 
After 12 hours stirring, 300 Kg of NeCl are added. After 
addition of most of the salt, crystallization begins and 

is complete in about 5 hours. Stirring is discontinued 
during the addition of the salt, so as to get larger 
particles. Too rapid stirring during the salting out proce~ 
dure results in a fine product, difficult to filter. After 
filtration of the product, the mother liquor is tested with 
salt to be sure that precipitation is complete. 


The product is dried in air for 2 days at 45-50°C. 


be Acetyl Badional 


200 Ke of glacial acetic acid 
208 Kg of acetic anhydride 
200 Kg of “Sulfocalcium" 

44 Kg of sodium carbonate 
100 cece Of hydrogen peroxide 


This mixture is placed in an enamel reactor with a 
water jacket. 


320 Ke of 16.6% sodium hydrosulfide solution (53 Kg - 
100%) and a 50% solution of sulfuric acid (made from 41.9 
Kg of sulfuric acid) are added slowly. This generates 
HeS which is passed into the first mixture over a period 
of 6~7 hours at 38-40°C. 


When all the HpS is added, the lot is diluted with 
700 liters of weter. The mixture is allowed to stir at 
12-149 overnight. It is then filtered off. 


The yield is 170-190 Kg (100%). 
ce Resolution of Acetyl Badional 


1200-1400 liters of water are placed in a reactor with 
40 Kg of sodium cerbonate. The acetyl badional is now 
added. (Care must be observed due to foam.) The mixture 
is heated to 35©40° and 5 Kg of charcoal added. After 1/4 
hour stirring, it is filtered and acidified with hydro- 
chloric acid until precipitation is complete (about 120- 
140 Ke of 30% of HCl). Theprecipitate is filtered and 
washed until the washings are neutral. 


Yield is 150-175 Kg (100%). 
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d. Hydrolysis 


The damp acetyl badional is used. For one batch, 
16565 Kg sodium hydroxide in 501 liters of water is used 
for the hydrolysis. The batch is heated with the alkali 
for 14 hours at 75-80°C. To this are added 500 liters of 
water and 5.6 Kg charcoal, and after } hour it is filtered. 
The calculated quantity of acetic acid (160 Keg 50% acetic 
acid) is added, the mixture cooled to 10°C and filtered. 


Yield; 100-150 Kg crude. 
6s Purification of Badional 


The crude product is placed in 700 liters of water and 
wermed to 30=359C. To this is added 20-25 liters of 25% 
ammonium hydroxide, to cause complete solution. To this 
is added 2 Kg of medicinal charcoal and after 4 hour it is 
filtered. 


Addition of 70-80 Kg of 50% acetic acid causes the 
precipitation of pure Badional. The mixture is cooled to 
15°C and filtered. The product is washed 10-12 times with 
distilled water and well dried on the filter. It is then 
dried at 50-409 for 24 hours and then at 50-60° at 24 
hours. 


Yield; 60-90 Kg. 


8. Sulfonamides in Trachoma; Kikuth has found sulfonamides 
to be effective in trachoma. The German Army had consider=~ 
able trouble with this disease in Poland. Sulfapyridine 
was used at first, but when it was supplied to the civilian 
population, the Poles soon began to trade the white tablets 
for cigerettes. The preparation was changed to a red 
derivative of sulfanilamide to stop this practice. 


The new drug is No. B1054 and has the structure; 


This material is much less effective, but was used in 
higher dosage with good results. The compound B1034 was 
prepared by Dr. Behnisch. 
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The method of preparation is described in D.R.P. 745365 
to Dr. Behnisch, March 21, 1944. It is made by coupling a 
Giazotized sulfapyridine with 2eacetylamino~8-hydroxynaph- 
thalene-3,6-disulfonic acide 


: 
Fe The Preparation of Synthetic Oestrone;: Dr. Breitner has | 
worked out a very interesting synthesis. It is given below | 
in detail. The yields, however, are too low for commercial ~ 
use. Nevertheless, it represents a possible starting point — 


for other synthesise 


1. The Preparation of l-Acetylenyl-6<Metho etralol-1 


Na HQ_c=CcH 
. Ho 
Clig0 Ho -H¢ Ss CH / He 
CHz0 =p 


He 


30 ge of 6=methoxy~alpha-tetralon are dissolved in 150 
cc of pure dioxane; to this are added 12 g. of mono~-acetylene 
sodium in a pressure vessel and the mixture is saturated at 
room temperature with acetylenee The vessel is then closed 
and shaken for 48 hours at about 30“409, After cooling to 
room temperature, the reaction mixture is diluted with 700 
ce of ether and filtered. The filtrate is acidified with 2 
per cent acetic acid, and washed with water. The etherwwas 
removed by distillation without drying. The residue thus 
obtained contains the desired product together with a certa 
smount of starting material. This starting material is 
removed in the following manner; 


The crude mixture freed from ether is reacted with a 
cold solution of 13 g. phenylhydrazine in 30 ec of 35% 
acetic acid. After a short while the phenylhydzazone of 
6=me thoxy-alpha-tetrolone precipitates. After filtering, 
the filtrate is refluxed with ether and is washed twice 
with water, then with bicarbonate solution end finally 
with water. The ether solution is then dried over solid 
potasium hydroxide. After filtering and removal of the 
ether in vacuo, the residue is fractionally distilled in 
vacuoe It boils at 140-155°9C et 3 mm. The yield is 12 ge 


In the distillation residue is found a phenolhydrozone 
of the starting material. In the above described distill= 
etion one finds that°there is a partial dehydration of 
l-acetylenyl~6-methoxy-tetralol=-l.s 


@e The Freperation of i~Ethinyl-~3,4-Dihydro-6=Methuxy~ 
naphthalene. 


37525 ~1 - 20 « 


\ CzCH or teh 
AX CH , 4c = 
¢ yr ‘ " Nyto 
CHO \ Ho a VA fie 
He =t0 


24 g. of l-acetylenyl-6-methoxy-tetralol~] together 
with a small smount of hydroquinone is refluxed in 75 cc. 
of acetic anhydride for 20 minutes. ‘The ecetic enhydride 
is removed in vacuo at water beth temperature. The residue 
is dissolved in ether, washed in sodium bicarbonate solution, 
then washed with water, and dried over solid potassium hydro- 
xides The ether is removed by distillation, and to the 
residte is added a small amount of hydroquinone and frace 
tionally distilled. It boils at 140-1459 at 4 mm. 


The compound yields a white precipitate ammoniacal 
silver nitrate solution. 


Se The Preperation of 1-Vinyl-3,4-Dibydro-6-lUethoxy- 


nap alene. 
CSCH 40=Cie 
Ciz0 (NS: | ——_—_—_————— > cEs0 vg 
Ho 


14 g. of this l-vinyl-3,4-dihydro-6~-mée thoxyvnaphthalene 
are dissolved in 150 cc of 80% alcohol and the solution is 
refluxed for some hours with 30 e. of freshly prepared 
copper zinc dust. After disappearance of silver reaction 
the solution is cooled, diluted with ether, filtered, and 
the filtrate washed with water three times. The ether is 
dried over sodium sulfate and removed in vacuo. The 
residue is then vacuum distilled and it boils at 120-125°9C 
at 3mm. The yield is 11 @ge 


Copper zine dust is prepared ss follows; 25 g. of 
copper sulfate is dissolved in 500 cc of water and to this 
are added with starting and portion-wise 30 g. of ziine dust. 
The water is then decanted and the zinc dust well washed 

with water end filtered. It may be used in the above 
reaction without drying. 
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18.6 ge of the l-vinyl-3,4~dihydro~6-methoxynaphthelene 
with citraconic acid anhydride are reacted with llgg. 
of citraconic acid anhydride end warmed to 50~“60° on the 
water bathe The tem mperatare of the reaction mixture rises 
spontaneously to 160%-190° and then falls. After this 
happens the reaction product is crystallized from methylene 
chlioride-ether solution. After one recrystallization the ; 
product meIts at about 125°. The yield is about 20 ge 
After several recrystellizations the melting point rises 
to 160° Ce 


The above condensation can also be carried out in other 
solvents, for example, dioxane or benzol. In this case 
however, the reaction is run at a temperature of 1201609 
in a pressure vessel. 


5. The Hydrogenation of the above Condensation Product 


eeere Yh ee. 4 


The hydrogenation of the condensation product is 
carried out with hydrogen and palladium catalyst in dioxane 
as a Solvent. 


dioxane, 100 mg. of palladium black are added and the 
mixture is placed in the hydrogenation machine. After about 
2 hours one mole of hydrogen is taken upe The catalyst is 
removed by filtration and the dioxane is removed in vacuo. 
The residue is crystallized from methylene chloride,-ether 
and melts at 1259. The yield is quantitative. 


6e The Reduction of the Anhydride to the Lactone 


ones STELS + I ee 22 ose 


, 

. 

"a 

14.9 ge of the substance are dissolved in 150 cc. of | 
q 


Cs: CO. 
0 


H 
eed ~ ous 
C20 


The reduction of the anhydride to the lactone is 
accomplished with sodium and alcohole 30 ge of substance 
from the sbove palladium reduction are added to 200 cc. of 
boiling absolute alcohol. After a short time 23 g. of 
sodium slices are added 411 at one tim. After the com 
pletion of the reaction the remaining bits of sodium are 
dissolved by the addition of more alcohol, the alcohol is 
then removed by steam distillation end the alkaline solution 
is acidified with hydrochloric acid; the resulting preci- 
pitate contains a mixture of dicarboxylic acid and hydroxy 
ecid. The mixture is dissolved in glacial acetic acid and 
treated with concentrated hydrochloric acid. The mixture 
is warmed to 50°C for several hours to bring about lacton« 
ization of the hydroxy acid. The solvents including the 
hydrochloric acid are removed in vacuo and the residue dis= 
solved in a little methylene chiorfde; then a large excess 
of ether is added. From this ether solution the acid 
portion is removed by treetment with cold dilute sodium 


carbonate solution. 


The lactone remains dissolved in the ether portion. 
The ether is removed and efter crystallization of the 
residue from methylene chloride - ether melts at 214°C 
end distills at 216°C at 1 mem. 


The lactone mav also be prepared from the unreduced 
anhydride, since a sodium and alcohol reduction of this also 
reduces the double bond. 


-Carboxylic 


Prevaration of the Methyl Ester of the Hydro 
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3 ge of the lactone are dissolved in 25 cc. of dioxane 
and 25 cc. of 10% aqueous KOH added. At this point the 
lactone should still be in solution and also no KOH should 
separate. If this is not the case, more dioxane or water 
should be added. 


The mixture is refluxed until a small sample no longer 
gives a cloudiness when added to water (about 10-15 minutes). 
The mixture is then cooled and weekly acidified with acetic 
‘acid (with cooling). The precipitated hydroxy-acid is 
immediately dissolved in ether (it reverts to the lactone 
very easily), and treatment with diazomethene yields the 
methyl ester. The hydroxy ester is a thick yellow oil 
which by distillation reverts to the lactone by splitting 
out of methyl alcohol. | 


8e The Preparation of the Brom~ester 


5 ge of hydroxy~ester were dissolved in 10 cc. of 
chloroform, and the solution brought to the boiling point. 
To this was added portionwise 4.5 g. of PBre and the solution 
refluxed an hour longere The mixture was then added to 
alcohol, diluted with water and the insoluble brom compound 
taken up in eather. The ether portion was washed with cold 
sodium carbonate solution.e 


The product resulting from the removal of the solvents 
was a thick bright yellow oile This crude product was used 
without further purification. 

9. Reaction of the Brom-ester with Malonic Ester 
~ CHS 
= - COOCHS 
> Cia ~CH2CH-CO0C aia = 
CHg90 


8.5 g- of the bromeester are added to sodiomalonic ester 
prepared from 0-5 g. of sodium and 6 cc. of malonic ester in 
50 cCe of benzole 
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The mixture is refluxed for 10 hours, then poured into 
water end extracted with ether. 


The ether is removed by distillation and the residue 
is saponified by several hours refluxing in an acueous 
dioxane solution of KOH. The mixture is diluted with water 
and acidified with dilute sulfuric acid. The precipitated 
acid is taken up in ether and the ether washed with water. 
The ether is removed in vacuo. The tricarboxylic acid is 
decarboxylated by heating to 200°C in a flask. After all 
of the COp has been liberated, the reaction product is 
warmed for a short time with glacial acetic acid and con~ 
centrated hydrochloric acid causing lactonization of any 
hydroxy-acid still present (of Section 7 above). The 
dicarboxylic acid is separated from this lactone by treat~ 
ment with dilute sodium carbonate solution. The dicarboxy~ 
lic acid is obtained by acidification of the carbonate 
solution. The product is an oil. 


‘10. Ring Closure of the Dicarboxvlic Acid to Oestrone 


a) 0.4 g. of acid is refluxed two hours with 10 oc. 
of acetic anhydride. After removal of the acetic acid in 
vacuo, the residue is’ taken up in ether and washed with 
sodium carbonate solution end then with water. 


The ether contains oestrone methyl ether. Since no 
 erystallization took place, the entire solution was eva- 

_ porated and the residue demethylated by refluxing it ina 
mixture of 5 cc. of glacial acetic acid and 10 cc. of 
hydrobromic acid (1.7) for 4 hour. The solvents are removed 
in vacuo and the phenolic portion of the residue dissolved 
by treatment with sodium hydroxide solution. This alkaline 
extract yields a product upon acidification, which after 

one high vacuum sublimation at 150-250° has a melting point 


of 100-110°C, 


b) 1.2 ge of acid was intimately mixed with 1.2 g. of 
lead carbonate. This mixture was cautiously heated in 
small portions in a flask over an open fleme. The reaction 
masses were mixed and extracted with ether. The ether solu~- 
tion was treated as described abovee The final product 


melted at 145°C. 
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11. Notes on the sbove Synthesis 


1) In step No. 4 it appears thet very little if any of 
the isomeric compound 


is produced. 


2) The reduction of the anhydride 


CH 5 CHs 

| CO } CG 

Me ois 7 “i Gals 
0 3 

y “ ue 4 Ze 7 


produces almost completely the structure shown. This is 
what would be expected since steric hindrance prevents 
the reduction of the other ester grouping. 


3) No separation of any sterioisomers was made anywhere 
throughout the synthesis. No purification of the final 
product using melting point as the criterion could be 
epee tar using ketone reagents. 


4) The cestrogenic activity on animals of the final 
product in doses of 1 gamma was identical with that shown 
by oestrone. 


5) Yields were not available in all steps but it is 
obvious that they were quite low in the later steps. 


6) This type of synthesis meking use as it does of | 
the Diels-Alder synthesis presents interesting possi-~ | 
bilities for other syntheses in this field. 


Ge Research on a New Series of Antipneumococcal Compounds 
By SchOnh8fer and Meiser | 


After the work on the various sulfonamides had been 
in progress for several years, it appeared that the follow- 
ing sulfa drugs were useful in the following diseases; 


Sulfonilemide = Streptococcal infections. 


pea ~ Gonococcal infections. 
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Sulfapyridine) _ Gonococcal infections 
Sulfathiazole) Pneumococcal infections 


Sch8nh8fer began work on variations of the basic structure 
of sulfanilamide 
\ 
N G » S) 
of aia 


and found that the esters of p-nitrobenzoic acid provided 
@ possible lead in the pneumococcal field. For example; 


(amonel ) 


© 
ay) 
= 
* 
{oo 
oO 
Qa 
bp 
tq 
vo 
ol 


CH 
Oon é»S of O~ (CHa) 3cHT (amonal A) 
CHs 


are the best compounds found in experimental animals, 


The first active compound found was; 


0 “ey 
Onl ¢\-c% S-s- 0% -¢ x0 


Variations in this field showed the following trends. 
In the specific compound 


; | on’ \, COOR 


if the nitro group is changed to -Nv, “NHOE, fh-, Mp - 
the activity decreases progressively. 


In the specific compound 


OoNN ¢ , COCR 


_ if the carbalkoxy group is changed to -CONHs, ~NH-COCCaH2 
_ -SOsR, the activity disappeers,. 9 g 


ee 


Instead of -COOR, the group - C-SR and ~-C-OR. are active 
and equivalent. g 6 


sd] al 
: In the case of ~COOR, C-ORK and C-SR, R may be aliphatic, 
aromatic, cycloaliphatic, heterocyclic or mixed; the activity 
of the resulting compound depends upon the character of R. 


luost of these compounds show an activity against all 


 31IS25-! aes 27 Ss 


types of pneumococci and also frequently show weak activity 
against streptococci. ‘The toxicity of these substances is 
low end not at al] like that of the aminophenols. Hecht 
has found that these substances are very rapidly reduced to 
the non-toxic smino compounds in the animal body. While 
these substances ere active in mice, etc., they show no 
promise when tested clinically. Further work has been 
discontinued. 


Ee. Antimalarial Research 
le Introduction; No exhaustive interrogation was made on 


this subject as other investigators were assigned to do 
this. Several facts were elicited, however, which are of 


general interest. Prof. Kikuth stated that he had done some 


work in the past on PF. gallinaceum in chicks. The test in 
Kikuth's opinion is unreliable as the intensity of the 
infection is quite variable. Hence for results of value, 
great numbers of chicks would*be reouired and even then 
conclusions would be very difficult. This is not in agree~ 
ment with findings in the U. S. 


Regarding the antimselerials tested, Kikuth stated that 
in general, the hydrochloride of the bases was used. In 
canaries only minor differences were noted between the 
hydrochloride and an insoluble salt such as the methane 
bishydroxynavhthoatee He felt that greater differences 
would be found in humans. 


All of Kikuth's screening tests are run either in 
canaries or in rice finchese He has no strains of lophurae 
and even if he had them, ducklings would be hard to gete 


Clinical testing is another difficulty. In the past, 
many cases of malaria were obtained from incoming ships, 
but during the war no such cases are available. 


The classes of compounds being investigated at Elber= 
feld are; 


1. Phenyl substituted 


dialkylaminoalkyls Dimeplasmin 

Ze Sulfonamides Bemural 

Se S-Aminoguinolines --- -- - Certuna 

4. 4-Aminoquinolines Resochin 
Sontochin 
_Brachysan 

Se S-Alkyl quinolines Endochin 

6¢ Acridines Atabrin 
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The methods of preparation are given below: 


2 Dimeplasmin; The directions are given in DeR.P. 499826 
(June 25, 1930)-e In general, compounds of this type are 

prepared by reacting the diamine with the correct dialkyla- 
minoalkyl chloride without any solvent. The base is taken 


up in ether following alkalinization of the reaction 


product snd distilled. Compounds of this typs boil around 
200°C at 1-2 mem. yf 


Se Femural 
br 


> 4 a-- 
HeN=</ \)-S0pNE-/ Ny | 
cd Br 


ae 4-Acetylaminobenzenesulvhonic Acid=-3' 5'=d4 bromaniiide 


500 g. of 3,5<dibromaniline are dissolved in 2 liters 
of pyridine and to this are added, with stirring, 560 eg. 
of dried 4-Acetylaminobenzenesulphonyl chioride. The 
mixture is warmed for 30 minutes on a boiling water bath, 
end is then poured into 12 liters of water. The resulting 
solid precipitate is filtered. The crude product is 
dissolved in 3 liters of water and 300 cc. of 32% sodium 
hydroxide. The solution is stirred with decolorizing 
carbon, filtered, and the filtrate treated with 500 cc. 
of glacial acetic acid. The resulting precipitate is 
filtered off, washed with water until wash water is neutral 
and can be used without drying for the hydrolysis step. 


be 4-Aminobenzenesulphonic Acid=3' ,5'-dibromanilide 


The crude acetyl derivative obtained above is 
refluxed with stirring for 1¢ hours with 3 liters of 16 per 
cent of sodium hydroxide. The solution is diluted with 4 
liters of water and refluxed for 10 minutes with 50 ea. of 
decolorizing carbon, filtered and acidified with acetic 
acid. The resulting precipitate is filtered, washed with 
water and crystallized twice from diluted msthanol. The 
crude product is then dissolved at the boiling point in 
about 2 liters of methanol, refluxed for 10 minutes with 
decolorizing carbon, filtered, and the hot filtrate is 
added to 1.4 liters of hot water. The mixture is then 
allowed to crystallize. After cooling the mixture, the 
crystals are filtered and put through the crystallization 
procedure againe In this way there is obtained 4 pure pro~ 
duct in the form of short colorless crystals having a 
melting point of 152-153°C, with softening at 150°; the yield 
is 700 g. which is 86% of theory calculated on the amount 


of 3,5~dibromaniline used. 
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ec. Gther comsounds prepared by Breitner in the Bemural Series 


ey 
Hal -SC wd \e 


v6 a 

i} pi 3! 13 5! 6! 

Be 704 - pA - T “a 
ee ; 1 : 

W6 « CHa = CH3 ~ 
TEB 1. © BY - Br . 
Ti «- OCH3 - OCH3 = 
18h..0 C1 - “ a 
765 = CH3 “ yg $ 
787 - OCH, ~ * 
Hane ROE Mala be COG tere Gate Yrs 
SO2 - Ch'3 - CF 
SL one - Cl o1 “ 
Seo - CH3 - CH, CH, 
317 - C1 Cl = ™ 
843 = Br Br Br ee ae . 
5 6 rh ae 
Rie 
Lee ¢_»- sail i 
3 He) 6! 5! 

# R! RN ] 3 5 6 Qt 31 3 5t 6: 
hy 2 ) ~ ~ - - ~ CH3 - CHZ - 
Ties 3 0 ~ ~ - - = QCH3 - OCH3. = 
<i eS 0 = - = - C1 - Cl - 
S28 CH3 CH3 - - - ~ Cl. = oe ee 
332 - - - OCH3 ~ OCH3 ~ CH3 = CH3 ” 
S35 - - - ocH ~ CH3 - Cl =  C]its 
834 = - - OCH3 - CH3 - Br - Br - 
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30. 


e TI, continued 


iy ff \\V~SUO-NH-R 


Ho fis 
- 
NO R 
be 938 
an 
> Wy 
ee , 
957 “Cig ¢/ Ny C1 
958 ~CHo ¢ Soi 
Last 


963 ( 
964 (y 


4. Certuns (Oprochin, Cilional) 


hs WZ 


ENi-CE=CHpCHeN (Cig) o 


Chis 


ao Preparation of Dimethylaminobutanol 
CH, CHOHCHsCH2N(SHs)5 


230 g. dimethylaminoisobutanone are dissolved in 
800 c.ce of water and 120 cc. of glacial acetic acid. The 
solution is cooled externally to 15-25°C and to it are added 
over a 5-hour period 2.6 liters of dilute acetic acid (made 
from 1.3 liters of glacial acetic acid diluted to 2.7 liters 
and 5.2 kg. of 4% sodium amalgam. 
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The rate of addition is so regulated that every ten minutes 
100 ec. of the dilute acetic acid and 200 g. of the amalgam are 
added, At the end of the reaction, a sample is made alkaline, 
extracted with ether, and tested with sodiun nitroprusside and N. 
NaOH. If no red color is obtained, the reaction is complete. 


The aqueous portion of the reaction mixture is removed from 
the mercury and made alkaline with 32% sodium hydroxide solution and 
the product separated by steam distillation. About 5 liters of 
distillate are necessary. The base is salted out of the distillate 
with KOH, taken up in ether and the other solution dried over KOH, 
The ether is removed by distillation at 50-60° and the residue 


distilled. 


BoP.) ® 58° 
Yield = 185 g (80%) 


b. Dimethylaminoisobutylbromide-hydrobromide 
CH3CHBrCH3CH3N(CH3) 2, HBr. 


To 2 liters of hydrobromic acid (1.7) is added, with cooling, 
530 g. dimethylamine isobutanol. The solution is heated to 80-90° 
for 15 hours. The HBr is removed in vacuo at this temperature 
and the residue is crystallized from 1 liter of alcohol. Colorless 
crystals are obtained. 


M.P. = 150-151°C 
Yield= g00g. (65%) 


c. Ceprochin base. 
SN 
CH, | 
x7 
HN-CH PHeCHiaN (CH3) 2 
H5 


S44 ge dimethylaminoisobutylbromide-hydrobromide are dissolved 
in 840 ce. of water and treated with 1124 g. of 6-methpxy-S-amino- 
quinoline (Amichin). The mixture is heated with stirring under a 
reflux at 45-55° external temperature for 5 hours. Within 3 hours, 
the temperature has risen to 100° and it is finally heated for 6 
hrs. at 95-1009. The melt is dissolved in hot water and dilute 
HCl and upon cooling the precipitated unreacted Amichin salt is 
removed. The filtrate is treated with sodium acetate until Congo 
red no longer gives a blue color, and is extracted twice with ether. 
The aqueous portion is then made strongly alkaline with 32% sodiun 
hydroxide and the insoluble base extracted with ether. The base 
is distilled. 


“- 3a. = 
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B.P.3 181<185° is 
. (e) 
Raion 7.208 C. 


The product solidifies after a long period. 


ad.  Cilional hydrobromide (cortuna hydrobrom de) 


N 
HN-(H-CHoCH2N(CH3) p 
"3 


300 g. Ceprochin Base is added to 1 liter of hydrobromie acid (1.5) 
and the mixture refluxed at about 120° until the methyl group is 


removed (24 hrs.). The HBr is removed in vacuo at 70-809. The 
_ solid residue is crystallized from alcohol. 


M.P. of the dihydrobromide 135=155° C. 
Yield 350 ¢g. 


5. . Preparation of Sontochin, Resochin, and Brachysan. 
These products have the following structures: 


Resochin CHa 
MU-CH (CHa) 3 N(Et)o 
C1 
n> 
Sontochin 
| 7oll3 
NB-CH (CH2) 3N(C2Hs5)2 
XN 
cu, 
, 
Cl 
Brachysan : 
\y\— 
| CH3 
C 4 


All of these compounds are made in a similar manner. A description 
of the preparation of Sontochin will suffice for this class of 


compounds. Regochin and Sontochin are patented in D.R.P. 683692 
(Nov. se 1939. 33 
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a. Preperation of Sontochin; Preparation of 3=methyl~ 

anhyarody ie) chlorguinoline-cerboxyl acid ester. 
In an apparatus for continuous azeotrovic distilla~ 

tion, 4450 2. of oxelylpropionic acid ester, 2800 g. of m 
chioraniline, 4 liters of chloroform, 7 cc. of concentrated 
hydrochloric acid are refluxed until the calculated amount 
of water is distilled off. (22 moles or 396 cc.) This reqgires 
about 8-10 hours. The chloroform is then removed by distilla~ 
tion in vacuo. The Schiffs base remains behind as 4 red oils 


To this raw product are added 70 liters of paraffin 
oil and heated to 255°C. in an iron stirring vessel with 
direct heating. The alcohol is removed by distillation as 
formed and after this has occurred the lot is coolede The 
reaction product crystallizes at about 160°C., is filtered 
and washed twice with ligroin and dried at 100°C. In this 
reaction a mixture of isomers results and melts at 190°C. 


OH 
Colin 08 aie 
o Gis oe 
ok | ba i ~ COOCZHs C1 ny COC RBs 
Cl OF 
ZN) CBS 
7? 0000 Zs 


The isomeric mixture is separated by dissolving in 18 
liters of alcohol and heated to boiling. While being held 
at this temperature 1 ke. of dry HCl gas is led ine The 
solution is gradually cooled in 2 hours. During the 
cooling, ~¢ kg. more of HCl is added causing the 7-chloro 
compound to crystallize out. This is filtered off and 
weshed once with 2-5 liters of alcohol containing HOl and 
finally washed with alcohol. The product is then dried. 


The yield is 3110 ge (47% caletd on m=chloraniline) 
M.P. of HCl salt 196°C, of free ester 226°C, The 
alcoholic mother=liquor contains the 5-chlorisomer and a 

little of the 7-chlorisomer. 


b. Preperation of 3-methyl-4-hydroxy-7-chlorguinoline= 
~carboxylic acid. 
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q added during 2 hours in small quantities, beginning w 
' tions of about 50 cc. and later for the last 800 cc., 100 cce 
at atime. After sach addition, the course of the reaction 


eat 
at \yors 


CLV A Pood 


$110 g. of the ester-HCl is heated for 2 hours under a 
reflux with 15.5 liters ‘of 2N sodium hydroxide. After the 
reaction is complete, the solution is diluted to 40 liters 
with water and acidified with dilute hydrochloric acid. 

The product is filtered, washed with water and dried at 100°C. 


The M.Ps = 264° (COp evolution) 
The yield 1s 2410 g. (100%) 


Cs. Prevaration of 3=methyl-4-hydroxy-7-chlorquinoline 


10 liters of paraffin oil are heated 275°. To this is 
added 2.5 kg. of the acid in small portions during 20-30 
minutesse Carbon dioxide is split out of the molecule and 


is led away with the help of a weter pump. After the evo-~- 


lution of the COs has ceased, the mixture is cooled and the 
product crystallizes out at about 80°C. It is filtered off 
and washed three times with ligroin and dried at 100°C. 


It has a mMeps of 334°C. 
Yield is 1970 g. (97%) 


The oil may be used for 4 or 5 runs and then purified 
with sulfuric acid and sodium hydroxide. 


ad. Preparation of 3-methyl=-4,7-dichlorguinoline 
long 
{ yo8s 
4 
IN 


5 ke. of the free hydroxy compound are added to 15 liters 
of dry chlorbenzol at 170°C. To this 3.4 kg. of EvLS are 
th por- 


Cl 
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is watched (lively boiling). After all of the POCL, is added, 
the mixture is heated for 3 hours and allowed to co61 with 
stirring. 


The cooled chlorbenzene solution is added to 25 liters 
of water and stirred for ~ hour. Then about 10 ke. of ice 
and 5 liters of chlorbenzol are added and when the tempera~ 
ture has reached‘20°C, ammonium hydroxide is added to 
alkalinize the solution (about 6 liters). The lot is 
stirred 15 minutes and allowed to stand 1 hour for the 
oroduct to separate into layers. The lower layer contains 
the dichlor compound dissolved in chlorbenzol. This layer 
is drawn off and washed with an equal volume of water. 


To determine the m.p. of the product dissolved in the 
chlorbenzol, a small amount of the solution is distilled 
and the m.p. of the product determined, 


BF = 140°C 
M.ePe = 9OOC 
Yield = 92% 
@e Sontochin Base 


The solution of the dichlor compound from (d) above 
is heated to distill off enough chlorbenzol to remove the 
waters 


Then 2 kg. of pyridine, 2.5 kg of phenol, 2.5 kee of 
sodium iodide are added and the temperature raised to 
150-160°. To this are added, over a period of 3 hours, 
5e6 kg (1.5 moles) of novoldiamine. The temperature is 
then raised to 160-1700 and held at this point for 15 
hours. 


. After cooling, the melt is diluted with 15 liters of 
methylene chloride and 6.5 liters of glacial acetic _ 

acid, and 5.0 kg crystalline sodium acetate in 15 liters 

of water are added. After 5 minutes stirring, the lot is 
allowed to stand 2 hour to sepsarete. The methylene chloride 
layer which contains phenol and the weakly basic portions 

is filtered. The methylene chloride is washed with 1 

liter of 10% acetic acid which is added to the chief portion 
of the lot. 


The combined acetic acid contains sontochin and excess 
novoldiemine. To it is added 10 liters of benzol, cooled 
with ice and nade strongly alkaline with 150 moles of sodium 
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hydroxide solution. The layers are allowed to separate and 
the benzol layer containing the sontochin removed. This 

is washed with 5% sodium hydroxide solution and twice 

with watere 


| The benzol is removed in vacuo and the fesidue distilled 
in vacuo. 


B.Pep = 210~22000 

Yield = 6.1 Kg (77.6%) 

In Kikuth's opinion, sontochin is a promising antimalarial, 
but is rather difficult to preparee Brachysan, on the other 
hand, is just as effective according to Sioli, but is much 
easier.to prepare. The basic side chain is prepared at 
Ludwigshefen by the following reactiong 
CHp=CH-C=N * HN(CeH5) 2—»NeC-CHpCHe=N(CoHs ) p->HeN (CHa) gN(CeHs5) 2 
6. Endochin 

OH 


’ (CHe) gCHy 
CHs0 ww? 


The preparation of this compound is made by the following 
series of reactions; 


| GEC6H 3 yp Y7His5 
(a) CgH, gCHO*CHgCOCH2C00C2H5->CHZC0C - CO0CgH5->CHgC=CH- 
COOCeH, O¢Hs 
NHg OH 
—> Ley 
‘ CHz0 
: Q §7H17 
(bd) CgH,3CHO->CgH) 30H 20H->C6Hy 3CHgBr-> CHg-C~CH-CO0C2H5 
OCH 
oe iy 
CoH 
15 
r] C 
CHz0. Es 
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The two syntheses do not yield the same quality of 
heptylacetoscetic esters (a) Yields a quantity of highly 
hydrogenated acetoacetic ester. (b) Yields considerable 
anounts of O-alkylated acetoecetic ester. 


Directions for synthesis (a) are; 


a. Heptylidene - acetoacetic ester 


120 g. of heptaldehyde are added to a solution of 
130 g@. of acetoacetic ester and 3 a. of piperidine 
cooled to -10 to -15°C over a period of 3 hours. 
The mixture is allowed to stand at ~3° for 24 
hours. The mixture is then added to water and 
made neutral with sulfuric acid. The solution is 
extracted with ether and after removel of the 
ether, the product is distillede 


Beko 125° at 4 MMe 
Yield is 190 ge. 


be. Heptylacetoacetic ester 
The heptylidine product is reduced catalytically. 


ce Schiffts base from heptylacetoacetic ester and 
M-Anisidine followed by rine closure 
400 g. heptylacetoacetic ester 


215 g- m~Anisidine 
1-5 liters ecarbontetrachloride 


This mixture is heated at 100°C under distillation 
until all water has been removed. During this distillae~ 
tion, the carbontetrachloride distilled off is replaced. 
After all water has been removed, the carbontetrachloride 
is removed, and 1.5 liters of paraffin added. The tem- 
perature is raised to 250°C end held at this point until 
the reaction is finished. Upon cooling, the crude product 
crystallizes. It is filtered off and washed with ligroin. 
This crude product contains a mixture of isomers (5-methoxy 
and 7=methoxy). 


These are separated as follows: 100 ge. of crude 
product are dissolved in 200 cc. of glacial acetic acid. 
To this are added about 360 cce of concentrated HCl. The 
solution is seeded with Endochin-hydrochloride and allowed 
to crystallize. The salt is filtered off and washed with 
a mixture of acetic acid and concentrated hydrochloride. 
The salt is treated with sodium carbonate and the base crys=~ 
taltized from methanol. M.P. 207-212°C. 
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Dr» Salzer has been investigating the endochin field. 
The general method of preparation is as follows; 


at cos GR 
a 5 3 
HzCOWYnH, * VERS —» HAco 
Nyo’s pe 
2. O=C~CHg Wepre 
1 : 
sity pt 
oo HCO 
+ : 


When R, end Re = H and Rg = CyHy5 the compound is 
Endochin. Its therapeutic index te canaries is 1;:120 
but is inactive on clinical trials 


R, = H, Ro= CHs and Rs = CyH,,. an avian active 
compound is anthines « 15 


R, = CHs, Ro = H and R, = CyH), an avian inactive 
compound is obtained. 


The final ring closure of the Schiff's base is an 
example of the Conrad-Limpach reaction. 


7. Production of Atabrin otis 
H ~ CH°(CHo)5 N(CoH5), 


CH30 | 


C 
N uf 


In June 1941, & production schedule of 1900 kg/month 
was set UD. 


The reactions involved are; 


For the production of Halochrine 
Clig0 HOOG cH 4 y Kone POCL 
Oh: eee cl —> “NH? ae 


Potassium Dicarbon 
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Rh 
=D ow 
tA: Cl (HOPOC1:) 


For the production of Novoldisamine 


CoH : CoHey 
J CH2CH20H « Hel + SO0Cl -CheCHeCl » Hel 

Coll >» 245 

tie "Novolsalz" Novolid salt 
(hydroxy triethylamine 

‘hydrochloride from E%chst) 
Cos Cols, jCOOC a, 

ok - rn Vr os 5 ~ =f 

of N-CHp0iH2C1 * CHgCOCHZCOOCgHS _, a? Cp 2CH-COCH; _ 
die Novolid Novol ester 
C2H5, a NH Coley 
Fe a ae “x 3 At ee ea Gis 

2s de Bae wa Fee map 


Novol Diamine 
Condensation of Helochrine snd Novol Diamine 


oy ey 
NH~CH(CH2) 3) (CoHs} 2 


| 
1) 
CHz0 CeH Nig CHnO 
(WIN + \- (ce) 34CH= Cis ¥ | 
Ny CoH NV 


ao Preparation of “Fotassium dicarbon" 


In a 500 liter reactor, equipped with a steam 
jacket and a reflux condensor and a stirrer, sre placed 
50 liters of water and 41 kg of p-anisidine. After warming 
the mixture to 60-700C, it is stirred for + hour, then 27 
kg of 2,4-dichlorbenzoic acid are added, stirring continued 
for 10 minutes and 0.36 kg of copper powder added. Follow 
ing this, 27 kg more of 2,4<dichlorbenzoic acid are added 
and stirring continued for a further ~ hour. 


From a glass separatory funnel there is then added over 
a period of 1-13 hours, «& solution of 40 kg of KOH in 40 
liters of water. Care must be exercised iw this addition 
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because of foamings 


The resctor is now closed and slowly heated to 103~ 
105°C end mainteined at this temperature for 3 hours. 
At the end of this time, 500 liters of cold water, 3.0 
ke of carboparaffin and 0.7 kg of KeS are added. The 
iixture is heated to 103=105°C for a further } hour 
after which time the edution is filtered through a 
previously warmed nressure filter contsining 3 kg of 
filter aid. The clear solution is placed in ae second 
500 liter reactor. The first reactor as well as the 
filter press is washed with 50 liters of hot water. 


The hot filtrate is now cooled to 15°C and is 
allowed to crystallize with stirring overnighte The 
crystals are collected on a Buchner funnel. The dark blue 
mother liquor is collected and two 20 liters of water used 
to wash the crystals are addedto it. The light grey crystals 
are dried for 4 days in a drier at 80-90°C., 


The yield is 70 kg which is 78.5% of theory calculated 
on the 2,4~dichlorbenzoic acid used. 


b. Preperation of Halochrine Fhosphorie Salt 


In a 300 liter reactor equipped with a stirrer 
and a reflux condensor are placed 180 liters of chlor- 
benzol and to this are added 33 kg of "Fotassium dicarbon",. 
The mixture is heated to 130° and 20 liters of chlorbenzol 
Aistilled off to remove the last traces of water. ‘The 
reflux is then connected and then 25 kg of POCl< are 
slowly added over a period of 2 hours. During Snis time, 
the reaction mixture is maintsined at the boiling point, 
After the POCls has been added, the reaction mixture is 
kept at the boiling point for another 2 hours. At this 
time 30 liters more of chlorbenzol are distilled off 
and the reaction mixture cooled with stirring to 30°C. 
The reaction mixture is then transferred to a 500 liter 
reactor for the condensation with novoldiamine. (See below) 


¢» Preparation of Novolid Salt 


In a 300 liter enamel reactor, placed in a water 
bath equipped with efficient stirring, are placed 70 kg 
of "Novol Salz" (hydroxythiethylamine hydrochloride from 
H8chst). To this are added 60 Kg of SOClo in two equal 
portions. The first portion is added rapidty at room 
temperature causing the liberetion of HCl and SOg. The 
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temperature rises during this addition to 35-40°C. The mass 
hes now become liquide ‘The mixture is allowed to stir for 

i hour following the addition of the first portion of SOClyo. 
The water bath is heated to 55~609C and the temperature 

of the mixture reaches 50°C. Now the second portion of 
SOCls is added over a period of 114 hours. This causes 

the Cenperativs of the mixture to rise to 55“579C together 
with a vigorous evolution of HCl and SOo gase Both bases 
are absorbed in a wash tower. Finally latter sevefal hours) 
the mixture is heated (mixture temperature) to 70~75°C. 

In a short time, the entire mixture solidifies to a thick 
crystalline mass of the novolid salt. The salt is removed 
end dried. 


The yield is 11 Kg of novolid salt which is 99% of 
theorye 


de Preparation of Novolketone 
(1) Novolid 


33 Kg of Novolid salt is dissolved in 33 liters 
of water. 10 Kg of ice are added and to this mixture is 
added with stirring a solution made from 33 Kg of said KOH, 
5.4 kg of 30% NaQH solution and 22 liters of water. 


The resulting mixture is extracted for $ hour 
with 16 ke of benzol. The benzol portion is separated and 
the alkaline water is re~-extracted with 10 kg of benzole 
The combined benzol extrects (about 48 ke) are dried over 
CaClo (about }“1 Kg) for about 20 hours and filtered. 


Four such portions of novolid are combined 
and reacted with acetosaceter ester. 


(2) Novolester 


360 Kg of benzol, 150 kg of acetoacetic ester 
and 22 kg of sodium (cut up) sare placed in an iron reactor 
equipped with a stirrer and a reflux condensor. The conteats 
are cooled to about 50°C, and the novolid~benzol solution 
warmed to 50“60°C, is slowly added. After all is added, 
the mixture is refluxed for 3 hours. The mixture is cooled 
and separated from the precipitated NaCl by filtration. 


(4) Novolketone 


The benzol solution from the preparation of 
Novol Ester is divided into 4 parts. These are placed in 
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300 liter enamel reactors equipped with refJux condensors 
and steam jackets. In each ars vlaced 75 kp of ice, 25 ke 
of water and 35 kg of 96% sulfuric acid. The tempereture 
rises to about 35°C. The mixture is then heated and the 
besnzol removed by distillation after which the solution ' 
is refluxed for iwelve hourse After cooling to 30°C the 
solution is placed in a 500 liter iron reactor with a 
stirrer. To this are added 188 ke of 30% NaOH solution and 
50 kg of ice, causing separetion of novolketone. ‘his is 
separated and the alkaline solution is extracted with 35 
kg of benzol.e. The benzol solution and the first crude 
nowlketone are mixed. After filtering and drying the 
benzol is removed and the residue distilled. 


1. Fraction (novol fraction) 60-90°9@ 30 mm ca 23 keg 
2e Middle fraction 80-88°@ 19 mm ca 3-4 ke 
3. Novolketone (pure) 74~760@ 4 mm 


The novol fractions are combined with the middle fractions 
end refractionatede 


Yield 85-85.4 kg = 71% of theory 


Since 1942 novolester is prepared by the condensation of 
ary novolid=-benzol solution with dry solid sodiocaceto~ 
acetic ester (from H&chst). 


For example: 123 kg 95% sodioacetoacetic ester 
290 kg dry benzol 
cae200 kg Novolid=benzol solution from 152 
ke Novolid salt#104 kg benzol. 


Yield is ca. 80 kg novolketone. 
ee. Novoldiamine 


50 kg of Novolketone and 100 liters of methanol 
are reduced in a 250 liter iron hydrogenation vessel 
using 2-5 kg of nickel contact atalyst. The air is 
displaced with hydrogen and then with 16.7 kg of ammonia 
gas and 1.5 kg (15 cbm) of hydrogen. A pressure of 50 
Atm. results. The mixture is heated to 95-969 raising 
the pressure to 50 Atm. During the hydrogenation when 
the pressure drops to 20 Atm. more hydrogen is added 


to bring it back to 50 Atm, This is continued until no 


more hydrogen is taken up, and requires about 6~64 hours. 
The first atmosphere of hydrogen is used in about 10 
minutes but this soon slows down. The mixture is cooled, 
filtered, and distilled. 
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Novoldiamine boils 70-719 @©5 mm. ‘The residue will be 
about ~~ 1 kg. 


Yield is 45-46 kg of Novoldiamine which is 90-92% of 
theory e 


f. FPrepsrstioh of Atabrin Base 


The chlorbenzene solution of Halochrin phosphate 
is used without isolation. 


In a 500 liter reactor are vlaced 80 kg of Phenol 
(wermed to 80°) and 26 kg of pyridine. The mixture is 
stirred and allowed to cool to 709°C. To this is added the 
chlorbenzene solution of Halochrin phosphate and the mixture 
warmed to 40-50°C. After 1/2 hour of stirring, the mixture 
is heated slowly to 110-1200C and held at this temperature 
for 1 hour. To this are added over a half hour, 17 ke of 
novoldiamine. After stirring for 3/4 hour at 110-120%c, 
the chlorbenzene is distilled off under a vacuum of 50 mm. 
After the distillation is over, the temperature is again 
raised to 120°C. 


The melt is cooled to 90° and transferred into a 1000 
liter enamel reector containing 150 liters of 30% sodium 
hydroxide. This mixture is stirred for 4 hours et room 
temperature, preferably over night to produce a satisfactory 
product. The base is filtered off and washed with water. 


This is crystallized from acetone in the form of the 
hydrochloride. 


The yield of pure atabrin hydrochloride is 40 kg 
(75% on the basis of the Potassium dicarbon used) 


ge Other Acridines prepared 


Pond 


. 


C3 
NH-Cu=(CHe )iN 
t Coks 


C 
| 
NZ 
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Substitusnt : Tolerated Dose; Lowest Active: sustio 


Position ; Grouv ; a . Dose... Miga<*s 
3 H 5.0 5.0 1 
3 ~OCHs 5.0 245 2 
3 ~CoE5 10.0 205 4 
3 ~CHz 5.0 lwZo 4 
3 -Cl 30,0 180 8 
2 ~CHZ 5,9 0.67 8 
2 “Cl 5.0 0.33 She 
CH3 


aun CHCtip CH CHgN (CoHs)e 


Substituent in ; Tolerated Dose : Lowest Active ; iiatio 


8 position : Mee : Dose Mek. : 
H 5.0 2-5 2 
NOp 10.0 10.0 1 
NH» 10.0 O.w = 
F 10.0 0.67 15 
Cl 10.0 0.33 30 
Br 10,0 0.67 15 
S 5.0 125 4 
CH. 10,0 0.67 15 
ea BS ( (CHe)3N(CoHs) 5 


Substituent in : Tolerated Dose ; Lowest Active ; astio 


osition 3 ; : Dose m2. ; 

-H 5.0 0.33 1 

-0CHz 10.0 0.33 30 

-00sHs 5.0 0.67 8 

~oor Hs 5.0 0.67 g 
Cig 

-O0C4Eg 5.0 0.53 8-15 
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Substituent in ;: Tolerated Dese ; Lowest Active ;: Ratio 
osition 3 . DOSG Mes : 


L0G: 8 10.0 1.25 4=8 

~scng °° 5.0 0.33 15 

~SCoits 2.5 0.67 4 

~ OTs 5.0 0.33 15 

-Col. 2.5 0.33 8 

of 10,0 0.67 15 
CEs 


HN~Gi (CH) gl'(CgHs)2 


Ke} 
Ciig n7 


Subdstituent in : Tolsrated Dose : Lowest Active : Ratio 


vosition 3 : Makes . Dose Mee : 

~H 20 0,47 8 

-~Chz 5.0 0.67 8 

~SCHs 10.0 1-25 8 

~OvHs 10.0 0.67 15 
-Cl 5.0 1.25 & 


meen 


: Tolerated Dose : Lowest Active ; Ratio 


4 Mee > Dose MeLs e 

ee ee cheN | CeHs) 2 265 8 
~NH-CHoCHoN (cHe eecise “10,0 10.0 rf 
~NH-CES cHeN (Cos) 2 10.0 1 BeS 4 

SHEN (C2H5) | 
“MH CHS 10.0 5.0 2 | 

“CHeN '(CoH5) 9 . 
eNE. CH aCHgNeCR Cig (Cols 2 209 1.25 rd 
-NH CisCHis aS 5.0 0.67 8 
-NH CheCHeCHoN( 50 0.67 8 
=~NH meecn crn (octet 10.0 0.67 : 15 

Cig 

-NH CE CH,CHpN(CHs) 5 10.0 0.67 15 
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x ; Tolerated Dess : Lowest Active ; Ratio 


: Me fe - Dose Mee : 
“rH Cis Gis | Gokx )is 20.0 0.67 30 
\CHs 
#NH~CH=CE 9° HoN ( Oil g Cli= OF stip ) 2 50 0.67 § 
Cul sCnis 
~NH 'CH=CH=CHeN (CHs) » 10.0 {+85 8 
+ CZ 
~NI~Ciie=C- CEN (Ce%5) 2° 20.0 2.5 8 
‘CH 

“NH CHgCHON CHpN(CoH.) 5 10.0 0.67 15 

“NH CHo CipCHeCHpN(CpHs) 5 50 0.67 

a5 (CH 2 — v 
~NH-CH pare carr ere 10.0 0.33 30 
CHeCHoN (CoE 
~NE~CH~CH” : i. 5.0 0.67 2S 
CHpCHpN(CoHs Jo 
~NH-(CHe)5 N(CoHs)o 10.0 0.67 15 
8(cuo)4 N(SpHs)p 5.0 0.67 8 
£2k5 

~~ YY -h-crgct N(CoHs)g «2 1.25 2 
-NE~ \-cH gCH2CHgN (Cpls) 2 10.0 5-0 2 
-a- € N)-0-cit ctl (Gels) 2 5.0 1.25 4 


CHS 
NB-OH=( Cil2) 3 (CeH5) 2 


OOO 


ete in : Tolerated Dose ; Lowest Active ; Ratio 


3 : - MsSe ; Dose Mee . 
CHz0- CH30- 5.0 0.67 8 
CHz0-  CHg- 10.0 2.5 4 
CHz0- Cl 10.0 2.5 4 
CH3z0- § -SCH 10.0 5.0 2 
CoHO~  CpH50~ 5.0 1.25 4 
CH3~ CH3~ 5.0 1.25 4 
cl- Cl- 5.0 “ : 
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8. Summary: The usefulness of these types was summarized 
by K th-as follows; . 


Dimeplesmin and Bemural; Kikuth thinks these com- 
pounds may provide a 1ead in prophylaxis in humans. Dime- 
plasmin is active in avian malaria on E forms. He thinks 
it may also be prophylactive for £ forms in avian malaria. 


Clinicsl tests show this particular compound to be inactive 
in human malaria, 


Bemural is of interest because it is a member of 
the ‘only class of sulfonamides which shows activity in 
avian Malaria. It was sent to Hemburg but no results have 
been received. Kikuth believes that © member of this class 
might be useful in prophylaxis in humens,. 


Certunas This type has been used in Italy only. 
Certuna Is less.toxic than plasmochin, but like the latter 
is a good gametocide. It was developed as a substitute 
for plasmochin. Although a good gametocide, it does not 
prevent relapses, which plasmochin doese It can be used 
with etebrin. Kikuth feels that because of this fact the 
compound is promising. 


. Resochin. Sontochin, and Brachysan; Resochin has 
been proved by Sioli to be of no value in human malaria. 


In Kikuth's opinion Sontochin and Brachysan are 
the most promising leads the I. G. has in the field of 
antimalarials. The toxicity is low and less than thet of 
atabrin which they are designed to replace. Another advan~ 
tage. is the fact that since they are white, no coloring of 
the patient results. Of the two, Brechysan is now preferred 
since the cost of manufacture is much less than that of 
Sontochine 


Clinically, Sioli finds Brachysan equally 4s 
effective as Sontochin. Rose of the Luftwaffe finds a 
slightly higher dose is required with Brachysan over 
Sontochin. Both found the toxicity favorable. 


Endochin is the first quinoline compound to 
show activity on the E forms in avian malaria. Hence it 
acts as a@ prophylactic in this type. Only one dose is 
necessary to protect birds. Clinically in humans, no 
prophylactic action can be found. Kikuth feels that some- 
where in this series there will be found a substance which 
will be useful as & prophylactic in human malaria, and this 
work is being continued by the Io. Ge 
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Summary of Work to be done in the Antimalarial Field; 
Jimeplasmin, Endochin, end Bemural; Some member of 
the series of which these compounds sre examples may provide 


a good vrophylactic for human malaria. 


Prof. Schulemann at Bad Oeynheusen is working in the 
dimeplasmin field (See Dr. Southworth's report on his visit 
to Schulemann), 


Sentochin and Breachysan: These substances or other 
similar types may give the answer to a search for a white, 
less toxic substitute for eatabrin. 


Certuna and other closely related compounds should 
be looked into as e less toxic plasmochin substitutep 


Ie Insoluble Salts of Suinolines and Other Basic Substances; 
she le Ge workers mede many o ese insoluble salts 

order to slow down absorption, and in this way hoped either 
to reduce the toxicity or prolong the action. The only good 
acids which were found were described a number of vears avo 
in DeRePe 489726. 

_ The general vrocedure for preparing the salt is to mix 
an aqueous solution of the hyérochloride of the base with 
an aqueous solution of the sodivm salt of the acid. These 
are used in stoichometric proportions. The salt precipitates 
out of the solution. It is filtered end washed free of 
NaCl and dried. The acids used were: 


1. Methvlene disalicvlic acid 


OL OH 
? ? 
~ {/ ng 
HOOC 4 CHe 8 hg 


This acid is made by reacting two moles of Salicylic 
acid with formsldehyde. 


2. 2,2 Dioxvdinaphthvlmethane =- 3,3' dicerboxviic acic 
sa. ed) 


i yc 
ly COOH gate) 


- 49 = 


B1S25- 1] 


This is the acid called “methane sfure" by I. G. and is used 
to prepare salts of plasmochin. It is prepared by reacting 
2 moles of 2-hydroxynaphthalene~3-carboxylic acid with 
formaldehyde in glacial acetic acid. 


Se Divhenylmethane-2,4'-dicarboxylic acid 
COO 


oocd) \_cap 7 N 


This acid is made according to Ann. 309, 115. 


4. 4,4't<-tetramethyldiamino-diphenylmethane~ 
2,o'-disulfonic acid 


H Oy 4503H CH 
oP CSE cap _ 09-06 
HgC SO3H CHz 


This substance is made according to D.R.P. 65017. 
Je Barbituric Acids; The I. Ge workers sre no longer 
investigatin ng this field. They feel that evipan is as good 
a drug as can be made in the barbituric acid field. 


Other substances in the series which they market are: 


Veronal A x a. 
Cols w és ee 

C oHs ot t 
CO =~ NH 
. CO = NH 

H t t 
Luminal R soe co 
¢ eHs , oe 


© Fe ain 
t 
Phanodorm did CO 


Opp * : i ae 


These are marketed, and the research work was done, in 
cooperation with E. Merck at Darmstadt. Evipan, however, 
is an Ie G. d@velopment and Merck has no rights in this 
compound.» 

B1s2s-l 


Evipan is , CO = MH 
$2 ¢ co 
t 


Cate NCHig 


A number of thiobarbituric scids have been made, but 
none heve been found which the I. G thinks good enough to 
markete. This subject is likewise not being investigated 
at present. 


Due to the shortage of urea and other derivatives a 
new commercial synthesis is being used at the Elberfeld 
plent. Instead of Ures, guanidine or dicyandiamide is used 
for condensation. Most of the time, the dialkyl or aryl- 
alkyl cyanacetic ester is used. 


R. ,COCC.Hs iH R, CO = SO=NE 
oF cant “wade, © 50% NE HpS0g | aC x 0 
R° “CN NE - GiN Rk’ \ — a 
yp — Neon 
HN 


Ke. Miscellaneous Information Obtained as a Result of 


Discussions with Members of the Organic Chemical 
Research starr a 
l. cee eid 10820 [beh at: Dr. SchSnh&fer stated 
that Dr. sled a chs ad synthesized a compound which 


is better than Demerol (called Dolantin in Germany) as 
a substitute for morphine. It is called Amidone, and 
has a H8chst number 10820. Its structure is 
Cals. ,COCHsCHs 
C 
Celi,” “CHeCH ~ N(CHg), 
CHg 


According to Sch8nh8fer, the method of synthesis is 


CoE CeHs. C=N 
r “$E-CaN + C1CHeSH N(CHs)e Ng ‘ a 
CsEs CHs Cals Cee N(CHs)o 
: 3 
CeH 3-Cof Ces, ,0-C H, 
els. ,c- “C2 


Ce.” ‘CHeCH N(Cig)a Ces cia gi Vals 
aug2sel CHz - 51 = 


This substenee is now on clinical trial, but on the basis 
of animal tests is alleged to have a favorable toxicity, 
end to be less habit-forming than morphine. It is gaid 
to be four times as active as morphine. If this is true, 


this is an imvortent discovery. More information on this 


| substance will be sought at H8chst. 


2, Preparation of Diethyl Stilboestrol (war-time method 


| Wodi?leations in the synthesis of diethyl stilboestrol 


were made at Flberfeld due to the war-time lack of anis- 
aldehyde. These changes are shown below; 


i, Via 
OoNe Gy ~qa-coolt (/ X Nvocug AIC ALCLg ogn- <7 S ‘ -ga—8- CVyoas 


C es Cols 


et rN 00 Wer 8 
BNew/ bee 6 Ue ne’ SOG —o- 7 X)-0 
a ROX <u P c Cobs ie Cis 


- From this voint the synthesis proceeds in the usual way via 


the Grignard reagent to 


cizo</ \.cH ‘s ‘me Yyocus 
‘Von, Cols 


followed by dehydration and hydrolysis of the methoxy groups. 
This method is uneconomical and illustrates the methods used 
by the I. Ge when products were needed but the usual start- 
ing material were not available. 


3. New Laxatives (Dr. Meiser); Dre Meiser has been inves~ 
tigating new laxatives wi ttle success. His best 
compound was 


This substance is a representative of the general field under 
investigation and is quite inferior to phenolphthalein. The 
research was dropped. 


4. Carcinogenic Substances; The organic research department 
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has prepared quantities of the standard carcinogens such as 
dibenzanthracene and methvl cholanthrens. ‘The synthetic 
methods used were those of Fieser and Neumann in the 
United Stetes. No new methods were developed, and no new 
series of compounds were investigated. 


Sch8nh8fer made certain statements regarding x-ray work 
and cercinogenic agents. Summarizing the discussion, x-ray 
treatment in huge doses brings about a cancerous condition 
while low dosage hes a curative effect. It was hoped that 
e similar action would be brought about by the synthetic 
carcinogenic substances like dibenzanthracene or methyl-~ 
cholanthrene. With these, large doses produced cancer in 
experimental animals, but low dosage had no curative effect. 


5- Rodenticides; Dr. Westphal hes investigated this 
subject and the best compound of the series was found to be 


N 
pre é 
Cl - Co C ~ N(CHs)2 


EZ 

This substance is marketed under the trade name of Castrix. 
It is very effective but causes a certain ferociousness in 
the rats after ingestion. 


Variations in the molecule, particularly in the groups 
attached to the nitrogen, cause merked changes in activity. 
For. example, if the methyl groups are replaced by ethyl 
groups, a marked lessening of activity results. 


6. Compounds having a Cocaine-like Action: This is an old 


piece of reseereh carried out by Dr. Andersag. No useful 


substances have come out of it. The substances are members 
of the class = 
WR 


They are described in D.R.F. 665375 and U.S.F. 2187847, 


They are prepared in general as follows; 0 
Gig - CH 4 GHz - 00 - Cis ee rer oe 
0 COOR NeocoHs, “He . 0 = 0 
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%, Other Synthetic Oestrogens (Dr. Selzer): Some work has 
been done in this field ete ies to find other useful 
synthetic oestrogens. The best substance found was still 
very much inferior to diethylstilboestrole It was 


t. OH 


and had only a low activity, about 1 unit/mg. This work 
is published in Hoppe=Seyler's Zeitschrift fiir physiolo~ 
gische Chemie for 1942. 


In the course of the synthetic work a new reaction was |. 


discovered. Examples of it follow; 


OH OH 0H 
(a) (Yeczcors cts) CHpN( Ces) 2 Nac CHeC=N > 
OH 
CHp COOH 
(b) 
1 Similar fy CHecccH 
reactions > 
Oe H 


8. Vasoconfstrictors (Dr. Beal snes): The benzedrine field 
was investigated. e best compound found was 
n¢_\\-cu,¢u-cis 
NHp 


where R = Cl and CHg. Since Smith, Kline and French had 
covered the field thoroughly before the Ie G did, work was 
discontinued on this line. 


BISA <1 oo 54 Pn 


a ~ 


9. Zephirol Type Compounds (Dr. Fe Leuchs) ; Dr. Leuchs is 
the scoverer of Zephirol and works entirely in the field 
of quaternary compounds. JZephirol is 


| “Cg to Cie 


~CHg 
~CHs 
-Cl 


This is the best of the series as 4 general disinfecting 
agent. It is of no value against tuberculosis, and at 
present Leuchs is attempting to find a substance in the 
quaternary field effective against the disease. While 
Leuchs is old and not very active, he has made a number 
of new quaternary salts, the -following of which are 
examples. They are of no value in the treatment of 
tuberculosis, and no better than Zephirol as general 
disinfecting agents. 


7, apenas or ~Cy4ls9 OF 0) gis, 


\ | ais 
7G 000 gH 
Cl 


\ “% ne pevtyg £ TEeg 
i coe? 


oa ~Gugconmoontg or ~CHgCONECOOC.H. 


III. Periston 


When a blood substitute was needed by the Wehrmacht, 
Professor Weese obtained colloidal substances from all 
sections of the I. Ge Farbenindustrie. On the basis of 
anime] tests, Weese selected a colloid made at Ludwigs- 
hafen as the best compound. This is called Kollidon, and 
is a polymerized vinyl pyrrolidone. 


Dr. Krzikalla, who is employed at Ludwigshafen end is 
now living in Heidelberg, was consulted regarding the 
synthetic methods used to prepare this substance, 


The remainder of the staff concerned with the produc- 
tion of Periston is at Gendorf and no "Betriebsvorschriftt" 

wes to be found. Dr. Xrzikalla gave us the following 
 informetion from memory regerding the production of 
 Periston; 
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Cho0 + LC 2 Ch + Clicd » e-Clia—C=C— Clin -Ch—— 


~ 


wae ~ CHe Cho - Che 
PCS ,Chio Cll, CHS0E ese ee dos 
- Heals afoot <A _—— a sie oe 
Ge, ‘cad 7" coe | Gat 7 
a Pn de Fae 
C NE 
ab ia fee ge. heed iy : 3 
viLo Ie CBee -*: Cio 
| ala ? t $ ¢ ‘¥ é 
: » j 
ah ‘ thence atelier iene NOR teats ~ 
ga Ie ha | CdecceLeQn: 4 
_ : » i AH i 
TT ) ' : = { 
dock Ws ow vilo i Uliz-CHe | x 
pee Pigs 


Dreneration of 1,4 butinediol HOCH=-CEC-CE50E 


cr 


a Ge 


Formaidehyde (2 mols} in watar is treated with 
cetylene in the presence of about 1% copper acetylide, as 
a catalyst. The scetylene is pumped through the aqueous 
solution of the formaldehyde. The reaction is carried ovt 
at about 80-100°9C under 20-30 atmospheres of pressure. 
The yield is 90-100%. 


ee) 


be Preparation of 1,4 butanediol POCI,CH OE 


Co. 0H 


1,4 butinediol is reduced with a nickel catalyst 
at sbout 200°C and 100 atmospheres of pressure. The vield 
is ebout 90-100%, : 


Preparation of Butvrolactone 


ieee 24 


1,4 butanediol is treated with Che C=0 
a dehydrogenating catalyst such as Cri et ~ © - 
200-210°C under 170-1809 atmospheres of pressure. In the 
course of the reaction one mols of hydrogen is vroduced 
for each mole of butyrolactone. This is removed as 
formed. The yield is 90-1004, 


d. Preperation of 2-pyvrrolidone Ciip = CHo 
ed ft 


t 

Butyrolectone is treated at CHe oO 
230°C with e large excess of licnid au 
ammonia in an autoclave. ihout 100-200 
atmospheres of pressure is obtained. The reaction is 
completed in a short time, about 2-3 hovrs. The product 
ispurified by distillation, B.P. ca 90-1009°C 3 8-9 mm. 
Tt is essential for subseguent steps that the pvrrolidons 
be 4s pure as possible. ‘The yield is ouantitative. 
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e. Preperation of 1l-vinyl-2=-pyrrolidone CHo - CH»o 
t t 


2-pyrrolidone is reacted with CHa C#O 
anhydrous KOH (or Ne0H) and then reacted with S74 
acetylene in an autoclave. For safety it is CH=CHo 


necessary to use about 20 atmospheres of 

acetylene together with 10 atmospheres of nitrogen. A 
temperature of 140-160°C is used. The product is vurified 
by distillation B P, @ 8-9 mm. somewhat higher than the 
pyrrolidone. The yield is about 80-90% but depends upon 
the purity of the pyrrolidone used. 


fe Biymerization of 1-vinyl-2-pyrrolidone to Periston 
Gig - Cl 


CHa C=0 
“~NZ 


! 
CHpCHp- | xX 


This work was done by Dr. Fikentscher who is also 
et Gendorf. 


In general these polymerizations go as follows; at low 
temperature a higher polymer is obtained while at a tempera- 
ture of about 40°C the polymer size is correct for Periston. 


At first SOo was used as the polymerization catalyst 
but now 30-40% H.0, is used. Exact details could not be 
obtained but it - hoped that teams visiting Gendorf will 
obtain these detailse 


The total product is used after dissolving to remove 
impurities. This is done at Hlberfeld and the packaging is 
done at Leverkusen. 


Dr. Krzikalla stated that about 6000 Kg/mo of Periston 
was mede and about 30,000 kg/mo of the l-vinyl-2=pyrrolidone 
was made, the remainder of this going into various other 
products. 


2, Pharmacolo and Clinical Use of Periston (Dr. Weese 
end Dr, Hech 


a The development of Periston represents the only impor- 
- tant work done in this laboratory during the past few years. 
The urgency of the work on Periston for the Wehrmacht end 
the absence of Dr. Weese from his laboratory for two years 
with the army, accounts for the relative unproductiveness 
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of the laboratory. 


as a blood substitute, Weese regards Periston as 
superior to gelatin, and from the practical standpoint 
egual to blood plasma. 400,000 ampules of 500 and 250 
CC» were furnished to the Wehrmacht of which helf, or 
200,000, verhans were used. The active principle of 
Periston is Kollidon. The army preferred a solution of 
Periston containing 2.5% of Kollidon. ‘Weese, however, 
thinks @ solution of 3.5% is admissable.s 


The solution is made up as follows: 


Neacl 800 Gm. 

KCL “231% 

CaClo 6H 20 2 ied 

ieClo 6H20 0.5" 

N/L ECl 1710 cc. (172828 gm) 
NaHCO, 168 


Kollidon sol. (204) 12,500 CCe 
Distilled water q.s. 100 liter = 101.3 Kg. 


Kollidon sole can be sterilized at 120°C, 


Weese considers the preparation entirely inactive in 
the animal body, and says that it exhibits no toxicity in 
the ordinary sense of the word. Mice tolerate up to 8 
gm/Ke.s. Very large doses (completely outside the thera- 
peutic range) have produced a transient albuminuria in 
rabbits. Weese considers this a mechanical effect, and 
not due to any toxicity. In all animals studied,including 
mice, rats, rabbits, cats, monkeys and man, only dogs show 
any sensitivity. Weese claims this is a natural sensitivity, 
and is an idiosyncresy of this species. No animal can be 
sensitized by repeated injections, 


In the 100,000 to 200,000 cases of the army there was 
only one case of “drug fever" reportede Weese thinks this 
was probably due to some cause other than the administra- 
tion of Periston. 


When administered to animals shocked by hemorrhage, 
capillary permeability is reduced, the colloidal pressure 
and the viscosity of the blood increased, the water content 
of the blood raised, end the erythrocyte and hemoglobin 
content lowered by dilution. The fibrin, albumen and 
globulin content is also lowered by dilution. The pre- 
paration remains in-.the circulation in significant quantity 
for 2 or 3 days after injection, and is lost at a rate of 
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about 50% per day. The preparation is excreted by the kidney 
for two or three days, but thereafter cannot be found again 
in the urine. Not more than 50% can be accounted for by 
urinary excretion. Hecht believes that only the smaller 
molecules, possibly up to mole wt. 10,000 are excreted, 

the rest being changed in some unknown manner in the body. 
The doses recommended are up to 500 cc. for adults and 

25 cc/kg. body weight for infants. 


Infants do not tolerate the drug as well as older 
patients. Of the thousands of babies treated, Weese says 
that there have been two or three instances of hematurias 
however, the urine cleared promptly and there were no signs 
of permanent injury. : 


The attached chart shows an interesting comparison of 
the effect of different blood substitutes on the blood 
pressure of cats after severe hemorrhage. 


———s 
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According to the chart, citrated whole blood gave the 
uickest response; the blood pressure rose higher and 
remained high for the duration of observation. 


Next in order of effectiveness is Feriston. The blood 
pressure did not rise as high as it did after the use of 
citrated whole blood but it was superior to plasma in 
height of level snd in promptness of response. The blood 
pressure remained high in both instsnces for the period 
of observations 


The blood pressure level after serum equaled that of 
plasma and Periston in repidity of response and heisht 
of level but was less well sustained. 


Seline solution was inferior to all the others in 
promptness of response and height of level. The blood 
pressure rapidly fell to shock level during the time of 
observation (120 mine)s 


For a discussion of the physiology of blood substitu- | 
tion, and of the chemistry and pharmacology of Periston | 
by Dr. Hecht see Appendix 3. The pharmacology and clinical 
aspects of peRiston therapy have also been discussed by G. 
Fecht and H. Weese in a paper entitled "Periston, ein never 
Blutfltssigkeitsersatz", iMinchene med. Wochenschr. 19435,Nr.1, 
pe ll. In this paper the authors reported that in one case 
Periston remained in the blood stream in considerable amounts 
for 15 days. This point was discussed with Dr. Hecht, who 
admitted that the finding was "unusual". According to 
another report by Ernst Kees (rfehrungen mit “Periston", 
einen 3lutflussigkeitsersatz, M&nchene med. Wochenschr. 1943, 
Nr. 2, pe 29), it appears that when Periston is administered 
after hemorrhage, there is at first an increase in the 
hemoglobin content of the blood, which is then followed 

by a fall, due to the diluting effect of the periston. 

The cause of the initial rise is not clear. Dr. Hecht's 

view on this matter is that the infusion of Periston by 

increasing the circulation brings out “hidden” erythrocytes 
from the liver, spleen and possibly other internal organs, 

J. Korth and H. Heinlein have described a method for the 
uantitative estimation of Periston in blood and urine 
Funktionelle und morphologische Untersuchungen ter die 

Wirkung kolloideler Blutersatzmittel unter besonderer 

Beachtung des Periston, Arche f. klin. Chirurgie 205; 

230-286, 1943}, The method depends on the solubility 

of kollidon in most organic solvents, except ether. 

Alcohol is added to the blood or urine to precipitate the 

proteins. It is then dried and extracted with ether to 

remove the fat lipids and foreign nitrogenous substances. 

The insoluble part is extracted with chloroform. The 

kollidon is dissolved in the chloroform, end a nitrogen 
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determination by means of the Kjeldahl method gives the amount 
of kollidon nitrogen. Hecht considers the method accurate 
within +10%, Other reports on Feriston are; 


« Weese; Slutersatzproblems, Med, Zeitschr. 1944, 
PPe 19-25. 


G. Dittman; Klinische Untersuchungen und Erfahrungen 
mit Periston, Der Deutsche Milit8rarzt 9:520-325, 1944. 


Comments: 


le The claim thet Periston is equal or superior to 
blood plasm@is probably unfounded. However, it does appear 
to be superior to gum acecia snd simple saline. 


2. No comparisons have been made with degraded gelatin. 
This should be done, and if Periston is superior to gelatin, 
there is orobably a place for it in therapeutics. 


IV. The Assay of Vitamin By 


Dr. Loth, head of the I. Gs Elberfeld analytical labora- 
tory, was interrogated regarding the method of assay of — 
Vitamin B,. The assay of this material is a troublesome 
matter when it is Ere?) in mixtures. The I. G. makes no 
mixtures of By except with Vitemin C. They claim that By, 
is not stable in other mixtures, particularly those with 
Vitamin D or liver. 


Two methods of assay are used: 


1. When the preparation contains only By, and no 
other organic matter, oxidation with potassium ferricyanide 
is used. The excess ferricyanide is determined by iodine 
titration and titration with sodium thiosulfate, From the 
actual quantity of ferricyanide used, the amount of 
Vitamin B, may be calculated. 


2. Thiochrome method. Vitamin B) is converted to 
thiochrome in the usual way. After suitable dilution, 
usually 0.5 gamma/cc., the fluorescence under a quartz lamp 

is compared visually with that given by a standard prepara~ 

_ tion of By. This method is extremely crude. Dr. Loth 
stated that 10% accuracy is attained. No microbiological 

assay is made, in fact it appeared that none was known to 

4 them. No stabilizing substances are added to ampoule 

- solutions. . 
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VY. Virus and Rickettsial Infections 


The I. G. Farben scientists, and in fact German investiga= 
tore in general, are behind the rest of the world in research 
on these diseases because of the lack of expensive equipment 
such as ultra~microscopes and high speed centrifuges, and 
since the war they have been hampered by the impossibility 
of obtaining eggs (chick embryos) and larger laboratory 
animals for scientific purposes. 


From the chemotherapeutic standpoint, Kikuth divides the. 
viruses into two arbitrary groups, the large and the small 
viruses. In the group of large viruses, he includes those 
that cause bronchopmeumonia of mice, PRUEP OUTED ole 
venereum, trachoma, and psittacosis, he latter is 
considered a virus disease. Kikuth believes that all the 
viruses in this group are affected by the sulfonamide 
compounds; the others, such as the viruses of influenza A, 
Lymphocytic chor4o-meningitis, avian Goes ectromelia and 

nfectious myxomatosis, are uneffecte y the sulfonamides 
or any Other form of Chemotherapy. Kikuth considers 

his major contribution to the study of virus infection 

to be his method of inhalation treatment. He has used 
this method in experiments' with the viruses of influenza, 
lymphogranuloma venereum, bronchopneumonia of mice, and 
avian pox.- See Appendix 4 for a table of sulfonemides 
active against virusess 


The mice are infected in the usual way by placing 
a few drops of virulent culture in the nostril. An aqueous 
solution of the medicament to be used is then made with a 
concentration of 1.5 or 10 mg. per liter depending upon the 
dose desired. <A box of 65 liters capacity is then sprayed 
with the solution, using compressed air so that a very fine 
fog is produced. The fog remains in the sir in practical 
concentration for about half an hour. Kikuth does not 
test samples of air for the drug, but calculates the con- 
centration per liter of air. For example, if he uses 6.5 
ec. of solution in the 65 liter box, he will have 6e1 cc. 
per liter. In general, he treats his animals 30 minutes 
a dey for 3 days. Through the use of Badional he is able 
to cure bronchopneumonia in mice with regulerity. This is 
the only way in which he has tested Badional, but he thinks 
well of the drug. He has written a paper on the subject 
and sent it in for publication. See Appendix 3, 


A. Infectious eee BI This is a disease occurring na- 
turally in ra Se n the laboratory the disease is trans- 

mitted readily from one animal to another by subcutaneous 

injection of macerated organs or subcutaneous tissue of 
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infeoted animalse Several years ago Kikuth tested a few 
sulfonemide compounds in this condition, but without effect. 
He then gave up the work because he considers the disease 
of little interest as it has no counterpart in human beings. 


Preparation B1054 was tested on the viruses of broncho~ 
pneumonia and lymphogrenuloma venereum. Infected mice were 
given 1 cc. of solution per 20 gm. of body weight. The con- 
centration of the solutions varied. In bronchopneumonia 
a concentration of 1:;:100 was effective when given orally or 
subcutaneously; a concentration of 1;200 was ineffective by 
both routes of administration. In lymphogranuloma venereum 
1;800 was effective both orally and subcutaneously, whereas 
1:1500 was inactive or nearly so. Sulfadiazine was far 
superior in its effect on bronchopneumoniae A concentration 
of 1:50,000 was effective subcutaneously, and 1:12,000 orally. 
In the case of lymphogranuloma venereum the figures were 
resvectively 1:50,000 and 1;100,000. In view of these 
results Kikuth lost interest in B1034, 


B. Rickettsial Infections; Kikuth has worked with rick- 
ettsilal diseases from time to time, but has shown no sus- 
tained interest in theme He has tested several immune sera 
(not made by I. G. Farben), but was not impressed by them. 
Most of the animals eventually died despite serum treatment, 
although death seemed to be delayed. Of more interest to j 
Kikuth wes chemotherapy with methyleneblue and nitro gesarol, 
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_4 full report of his work with methylene blue appears in 
Z. f. Bakt., Parasitenkunde and Infektionskrankheiten 151, 


293 (1944). 


As a result of the world-wide interest aroused by 


gesarol (D.D.T.}, the I. G. Farben chemists mate a number 

of similar compounds in the hope of improving the original 
substance. One of these preperations, nitro-gesarol, was 
tested by Kikuth in a routine manner on murine typhus in mice. 
To his great surprise he found the preparation highly active 


(activity much greater than methylene blue) and with very low 
‘toxicity. This work was done shortly before the surrender 


of Germany, and due to the subsequent confusion no further 


‘work has been attempted. 


General Remarks: 


1. No extensive or very important work has been carried 
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out at the Hlberfeld plant, I. G. Farbenindustrie on virus or 
rickettsial diseases in recent years, 


2« Kikuth's belief that sulfonamide drugs are directly 
ective on certain large viruses (i.e. beneficial effects not 
due to action on secondsry bacterial invaders) is unproven 
and oben to question. 


5. Kikuth's method of treating virus infections by 
means of inhalation of an air susvension of the drug 
certainly has clinical as well as scientific application, 
but the technique is not new. Penicillin and other drugs 
are used in this way in America. 


4, Kikuth's results teken alone do not justify further 
interest in preparation Bl1034. 


5. Nitro~gesarol may be & preparation of considereble 
interest and should be studied further. 
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Vi TROPICAL VWADICTNE 


ae introduction: 


Inasmuch as Professor Walter Kikuth is a recognized authority 
on laboratory tropical medicines; and has made many outstanding 
contributions to this field, he was questioned intensively for 4 
days. He was most cooperative and seemed anxious to impart all 
the knowledge at his command. He has an excellently equipped 
lahoratory, and is ably assisted by Drs. Bock and Mudrow who were 
also interrogated, 


Dr. Kikuth has kept his laboratory open throughout the war, 
but since the occupation his sole work has been to keep his cultures, 
strains of organisms and laboratory animals intact. During the 
war his work was greatly hampered by an inability to obtain or 
keep trained help, anc the shortage of laboratory animals as well 
as feed for them. His most recent work has been confined to 
cultures and small animals, such as mice, rats, guimea pigs, and a 
few rabbits. He has not been able to work whith larger animals, such 
ag cats, dogs, and monkeys. In normal times he was equipped to 
carry out toxicity studies on mice, rabbits birds and cats. Chemo- 
therapeutic studies were regularly carried out on such parasitic 
infections as trypanosomiasis (con:olense and brucei), bird malarda 
(using canaries and r*ce finches, ameebiasis {in cultures and 
kittens) ané coccidiG@idosis. Studies were also made on leishnamia 
and hemoproteus infections; bacterial and related infections 
such as those with spirilla and spirochaetes (recurrens, rabbit 
syphilis); leprosy; helminthic infections such as cat ascariasis, 
schistosomiasis (mansoni anc hematobium) bothriocephelys in cocs, 
a of mice, tapeworm of mice and sheep (studied in cats); 
and virus infections such as mouse herpes, canary virus, chprio- 
meningitis ,lyphogranulora venereum, and influenza. 


Professor Kikuth is in charge of all testing for tropical 
Giseases. Below are presented the diseases being investigated, 
Kikuth's present recommendations as to the best remedies, his test 
methods, and the methods for the =reparation of new substances. 


B. ITrypanosomiasis 


Kikuth feels that Bayer 205 (Germanin) is the drug of first 

choice, with Fuadin second. He has done very little in this field 
; because he considers Beyer 205 highly specific and almost ideal 
| for the treatment of African Sleeping Sickness. When Lwoff, Bovet 
| and Funke revorted on the activity of N- (p-isopropylbenzy1) - 
j ethylenediamine Cihydrochloride, he made some preliminary studies 
on this compound, but dropped it when he was unable to confirm the 
reported resuits. His latest publication on African Sleeping 
Sickness appears in the Deutsche medizinische Wochenschrift (1940), 
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page 1363. In this paper combined treatment with Bayer 205 and 
Fuadin, or Bayer 205 and Tryparsamide are also recommended. 


Dr. Schmidt has prepared the most active members of the York 
series for test purposes on trypanosomiasis. He made 4,4 
diamidinostilbene,. 
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Kikuth tested these and found them no better than the antimonials,. 
Since the field had been thoroughly covered by Y ork and Kikuth's 
test indicated no superiority, the work was dropped. 


C. Leishmaniasis ” 


The drug of choice in Kikuth's opinion is solustibosan. He 
studies Leishmaniasis in German hamsters, a considerably larger 
animal than the chinese or golden hamster. He believes the German 
variety far superior for test purposes in leishmaniasis. His 
technique is as follows: Remove the liver and spleen of infected 
animals under sterile precautions. Grind the organs in a sterile 
mortar with a little sterile saline and inject about 0.1 cc. into 
the peritoneum of a second amimal. After 4 to 6 weeks a liver puncture 
is made by means of an ordinary syringe, and the tissue fluid is 
dried on a slide and stained with Giemsa stain. If the inoculation 
has been successful, the Leishman bodies are readily observable. 


Kikuth prefers German hamdrs because the infection produced 
is very constant whereas with Chinese hamsters the infectioh 
results are quite erratic. 


His exact assay technique is published in a paper with 
Professor Hans Schmidt in Zeitschrift fir Immunit&tsforschung" 
100:157-17E (1941). In this paper the authors state: 


"Daily doses of concentrated substance (500 mg Sb/Kg) for 
10 successive days with either Solustibosan or Neostibosan 
resulted after 2 weeks in a complete clinical and parasitological 
cure of leishmania infected hamsters (Cricetus frumentarius)". 


To judge the effects of treatment recourse must be had to 
cultures of leishmania, or to many smears made over an extended 
period of time. Neostibosan is used as a base line with which new 
preparations are compared (Kikuth uses N.N. medium for culturing 
leishmania). The only new preparations that Kikuth has tested are 
solustibosan-concentrated (containing 100 mg antimony per cc.; 
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Ola soliustibosan contained 20 mg. antimony per cc.) and solustibosan 
suspended in a nixture of olive oil and 1 or 2 % lanolin. The 
antinony content of this preparation is about 54 mg. per cc. Kikuth 
is convinced of the vreat superiority of solusti ‘bosan over reosti- 
bosan. 


The advantages which he claims for solustibosan are as foll:ws: 


(1) It is easier and cheaper to manufacture (this is confirmed 
by others). 
(2) It is better tolerated locally when given intramuscularly 
(confirmed by others) . 
(3) It is less toxic generally (confirmed by others). 
(4) It can be furnished in solution in ampules ready for 
administration (amply confirmed). 
(5) Although it contains less antimony than neostibosan, 
it is at least as active in fact, weight for weight; 
he thinks it is more active (not entirely confirned 
by others - Schmidt is apparently not in entire 
agreement on this point), 


In addition Kikuth says that the stability in solution is 
quite satisfactory. Storage in the tropics for 3 years caused no 
increase in toxicity or loss of potency. Incubation studies 
apparently were not available. (Schmidt agrees that stability was 
satisfactory, but this has not been confirmed by others). 


Kikuth believes that the concentrated solution is superior to 
the older preparation. The intravenous and intramuscular tolerance 
is excellent. The only real advantace appears to be that larcer 
doses can be given intramuscularly with less pain because the 
smaller amounts of fluid produce less pressure pain. 


The advantage of solustibosan in oil and lanolin consists in 
the depot action. Kikuth tested the activity of the oil proportion 
and found it satisfactory, but no studies on duration of the effect 
are available. 


fe) tio & 


(1) There is nothing new in Kikuth's method of studying 
leishmaniasis in the laboratory or in his method of testing new 
drugs in this condition. 


(2) If not already available, European hamsters should be 
inported into the United States for laboratory use. 


(3) Solustibosan is almost certainly superior to neostibosan, 
and is easier to prepare and more convenient to use. It is less toxic. 
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(4) Solustibosan-concentrated solution has minor advantages 
over the older preparation. It might be quite superior in the 
trcatisent of filariasis where large doses are required. 


(5) The advantages of solustibosan in.oil and lanolin are 
questionable, but this preparation should be ‘studies further. 


Schistosomiasis 


Kikuth and his collaborating chemists, liauss and Schmidt, have 
exhibited an active and sustained interest in the chemotherapy of 
schistosomiasis for a nunber of years and several hundred compounds 
have been tested systematically. Kikuth has developed an excellent 
technique for laboratory study of this disease. Strains of S. man- 
soni and S. henmatobium are maintained in the laboratory together with 
strains of Egyptian and Venezuelan snails. Egyptian snails are 
used for transmission of S. mansoni and Venezuelan snails for S. 
hematobium. The snails are propagated in glass acquaria_ of about 
2 gal. capacity in a room at a constant temperature of 80 F, 

Kikuth has found that lighting is the most important factor in 

his successful propagation of theme snails. (He is the only one, 

so far as is known to raise Venezuelan snails successfully). 

Natural light is afforded by a window facing south, and in addition, 

in winter 1 or 2 hours exposure to a sun lamp is added. Altogether 

enougn light is present to produce an abundant growth of algae in 
the aquaria, The water is of course aged. 


The technicue for culturing the schistosomes and reinfecting 
anivals is as follwws: Schistosome ova from human urine or stools 
are left in water in the refrigerator for about 12 to 16 hours. 
Then the container with eggs is placed in the warm room (80°F) 
and exposed to light for 24 hours. In the case of eges isolated 
from stools, the eggs are separated from the feces by repeated 
washings with ice water before being placed in the refrigerator. 

As soon as the miracidia emerge, snails are placed in the water 

for a few hours. The snails are then returned to the acquarium; in 
about 2 to 3 weeks cercaria develop, and the snails are ready to 
infect animals. (The snails are fed on fresh lettuce placed in 

the aquarium). The snails are then placed in small containers and 
allowed to discharge their cercaria into a fewcc. of water. The 
water is examined under the microscope and a sufficient amount 
taken to contain from 40 to 60 cercaria. This water which contains 
cercarja is injected subcutaneously into a mouse. After 3 weeks 
the adult wortis have developed in the mouse and ova are being 
passed in the urine or feces. 


The technique for infecting rabbits and rhesug monkeys is the | 
same. Drugs are screened on mice and promising ones are then tested 
on rabbits and monkeys, if the latter are available. The drug under : 
test ts administered once daily for 6 days, urine and stools are 
examined twice weekly for ova. If ova disappear under treatment the 
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test is rated as an apparent cure. If eggs reappear or if 
living worms are found on autopsy, the drug is rated as of 
temporary benefit. If on autopsy all worms have disappeared or 
are all found dead, the drug under test is given the rating of 


a permanent cure, 


In recent years the investigations have followed two main 
liness- (1) to find a drug which might prove to be superior to 
Fuadin, and (2) to find an antimony preparation which, might be 
administered orally. This latter aim is of considerable import- 
ance from the standpoint of the mass treatment of native populations 
where the disease is highly endemic. 


The specific method of test as used by kikuth using Schisto-~ 
somum mansoni is as follows: 


1. Infection of the snails (Planorbis guadalupensis). 


Freshly collected stools from monkeys or mice ere washed 
three tines (for 20-30 minutes} with 7.5% sodium chloride 
solution and then twice with ice water. The stools are 
allowed to stand in the refriverator for 16 hours in the 
second ice wash water. The following morning the ice water 
is carefully poured off, and the number of eggs are counted 
in a 0.2 cc. sample of stool residue. About 40-50 eggs are 
required for each snail. The correct amount of stool residue 
is placed in warm water (45°C) and the snails are bathed in 
this water for 24 hours. After about 1-2 hours treatment with 
Vita Lux (light) the miracidia emerge from the eggs and 
infect the snails. The length of time of infection of the 
snails until they discharge the cercaria is about 14 days to 
three weeks. 


2. Infection of Mice: When the snails are ready to infect 
animals, they are placed in small glass containers together with 
a small amount of water. If the weather is cloudy, they are 
treated intermittently with the sun lamp for 1-3 hours. 
By 2 p.m. the high point of the excretion of the cercaria is 
reached, and the water containing these is removed. The 
nunber of cercaria in a given volume of water is determined 
under the microscope. Since the cercaria move very rapidly, 
careful stirring is essential for a uniform infection. Mice 
are infected by subcutaneous injection. One attempts to use 
40-60 cercaria per mouse. The infection time in mice 
requires about 4-6 weeks, On the 48th day following the 
infection the mice are examined to determine if they have been 
positively infected. If they are, treatment is started. They 
treated six times per os and examined twice a week for mira- 
cidia. If none are found the stools are examined microscop- 
Scally for eggs. Mice found to be negative after 4-6 weeks 
are killed. The liver, portal veins and mesentery are 
examined for worms and eggs. If none are found, the mouse is 
assumed to have been cured. 
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With the first object in view 72 compounds of the Miracil 
series were screened on mice and the more prom*sing ones were also 
tested on rabbits. For a general description of the underteking 
_ see Appendices 5 and 6, Appendix 5 was written up primarily for 
the German government with a view to saving some of Kikuth's labor- 
atory workers from the army. Its tone is therefore somewhat more 
optimistic than the results really justify. Arnendix 6 is a more 
sober evaluation by Hecht and may be too ccnservative. 


Of all the compounds in this series, IMiracil (Pa 7669) seems 
the most promising. The toxicity in laboratory animals is low and 
the activity high. The dosage figures in appendix 7 are in terms 
of the amount of drug per 20 gm. of body weight: 


1/100 - 10 mg. of drug in 1 cc. of water per 20 gm. body wt. 
1/1000 - 1 mg. drug dissolved in 1 cc. sal. per 20 gm. body wih. 
1/6000 + 0.16 mg. drug dissolved in 1 cc. sal. per 20 gm. 


1. Preparation of Miracii (1-Diethylamincethylamino - 4 


methyl thioxanthone) 


0 pe) N(C2H5) 2 
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In a 1000 cc. autoclave are placed = 
260.5 g. 1-Chlor-4-methylthioxanthon/ 
l-methyl-4-Chlorthioxanthon mixture, pre- 
pared according to Ullmann and V. Glenck, 
Ber £9, 2491. 


130 g. Diethylaminoethylamine (1,1 mole) 
130 ‘gs Pyridine 


and the mixture heeted on an oil bath at 180-190 under a 
pressure of 2-3 atmospheres. After cooling, the auto- 

clave, the reaction mixture is treated with 500 cc. 2N= Nad# 

and the excess volatile reagents and solvents removed by steam 
distillation. The crude ,base which still contains in eddition 

to the desired l-diethylaminoethylamine 4-methylthioxanthone, 
unreacted l-gethyl-4-chlorthi*-xanthone, separates upon cooling 
from the alkaline solution as a yellow product. This product is 
purified by refluxing twice with 300 cc. of 10% acetic acid. In 
this solvent (m.p.133 9°C;120g) the l-methyl-4-chlorthioxanthone is 
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insoluble while the desired product dissolves. The acetic acid 
filtrate is refluxed with decolorizing charcoal, filte:ed and then 
added tc 250 cc, of ice. This causes the lediethylamino-st/yla- 
mino-4-nethylthioxanthone to precipitate as a yellow powder which 
js filtered, washed with water and dried jn vacuo at 30-40°C, 

The yielc is about 165 ¢. 


In order to prepared the hyGrochloride, 165 g. of the base 
are placed in 415 cc. of alcohol together with charcoyl anc the 
mixture heated to boiling, fiitered, and is accded an alcoholic 
solution of HCl to the hot filtrate until the solution gives a 
blue colcr with congo red. Upon cooling,the salt crystallizes 
out as yellow cr;stals. These are filtered off, wasted with cold 
alcohol, ard dérted in vacuo. The yield ts 152 g., mp. 195-6C. 
For purification the salt is recrystallizec from 400 cc. cf 
alcohol, again using charcoal. Yield 147 g. = 30% of theory 
calculated on the entire isoser’: sixture used. Tre melting point 
is 195-6°C. 


The second line of iiivestigation was an endeavor to obtain an 
antinony preparation suitable for percoral administration and coverec 
a large series cf trivalent antimony compouncs. 


Representative compounds of different chemical groups are 
cescribed in the sun. ary given at the erc ct this section. 


While several. of the prevarations j:tended for oral use 
were sufficiently active and well tclerated by m’ce, the doses 
required were so great as to be impracticable for huian beings froa 
the standpoint of gastro-intestinal tolerance. The compound most 
‘wortiy of note is Fuadin in of], which was intended to give a 
depot..action on parenteral administration. 


so Preparation of Schmidt # 7° 


NHCOM$2 


EF a a ~ ao; | 
3; —e af < 
2 SC4Na {| > sq 
| ON, 
Shaveji- - 
q a.  NHCONHQ - HROCIT2 
a Me rT 
eee 
8s-+ ~ r 
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150 g. of 4-carbanice-l-an!nobenzol are diazotized in hydrochloric 
acid solution with a solutich containing 70.¢. of sodium nitrite. 
To thts is acded a solution cf 170 gv antimony oxide in 700 ec. of 
concentrated HC1, and if necessary also a little glycerine. To é 
this is then added, with vigorous stirring and cooling, excess sod- 
ium hydrexide solution. after the reaction in finished, the solut- 
jon is Silterec ana the 4-carbamidophenylstibinve acid is purified 
in the usual manner by treatuent with NH, C1-HO1 and dried. 


b. NHCGNH PHOCNS~ 
siete “= NO, 
\ Sb03Eo ~ Sb0 3H 


100 g. of 4-carbanidophenylstibinic acid are added with stirring 
to 700 cc. of concentrated sulfuric acid, keeping the tenperature 
below 15°C, To this is added dropwise a nixture of 22.8 ‘cc. of 
nitric acid (Sp.G 1.405) and 22.8 cc. of H2S@ , keeping the temp- 
erature below 10°C. The temperature is then allowed to rise to 
20°C. Ice is added causing precipitation of the product, which is 


wwashed with water and drig@d. 


me CONH2 HCONH 
NO ~NH 

Mig at 2 
‘Sb03H2 ‘SbC12 


100 g. 3-nitro-4-carbanidophenylstibinic acid are placed in 
solution with 175 cc. of glacial acetic acid and 100 ec. of 
concetrated HCl. To this is added, the solution being well cooled, 
a solution of 250 g. of stannous chloride in 200 cc. of concehtrated 
HCl. The temperature is allowed to rise to 30-40°C and allowed to 
stand. The powder which precipitates is filtered, washed free of 
tin and dried. 


™ NHoHCL 


Splls 


48 g. of 3~amino~4-carbaminophenylstibinous chloride hydrochloride 

is placed in 240 cc. of methanol which had been egoled to 10°C. To 
this are added 72 g. of epihydrin alcohol (CH5<—>CH-CH.0H). 

The mixture is stirred at 10°C for 24 hours. The product is filtered 
off, washed with methanol and dried in vacuo. 


e. Preparation of # 779 Itself. 


44, g. of the substance cbtained in section d are treated 
- 72 = 
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with an aqueous solution of 68 g. of “Brenznatrium™ ( HO S0.Na } 
~ 


and a neutral solution cbhtained by the eddition of HO 
2 N sodium hydroxide solution. The solution is ™ SO_NA 


filtered, diluted with methanol, and imrediately precipitated wit 
ethyl alcohol. The product is filtered and dried in vacuo, 


There is thus obtained a light, colored powder which is very 
soluble in water. A 6.6, solution is isotonic and neutral with 
an antimony content of 12%. The aqueous solution decolorizes iodine 
and this may be used for the assay of Sb TIT. (0.5 g. in about 
<00 ce of water plus 10.5 of N/10 iodine solution and after 5 minutes 
back titrate with thiosulfate solution). 


OF MICE. 


I. Antimony ITT complex salts ~ parenteral:- 


Dose to 1/20g Smallest active 
% G6 ITT Mouse 6x subcut- dose 20g. iiouse 


an. 6X subcutan, 
Pa 2011 Tarter 36.5 1/2000 1/2000 H 
"emetic 1/4000 W 
Pa 6505 Fuadin — 13.5 1/400 1/1500 W 


as solid 
product 


_ FPuadineconcentrated; cf. Schmidt-Feter, Recent advances in 
the therapeutics of antimony, Pp. 247 ff. 


II. Antimony ITI complex salts in oil suspension:- 


%S 6 Smallest active 
dose 20g, ilouse 


'  §$td 735 ) Fuadin in of] suspension lec=100 mg 0.05 cc H 
| Fa 6451 ; (containing lanolin for . Fuadin - 
¥ permanent sus:ension) 13.5 mg. S6 0.02 ce W 


TII. Antimony TT] preparation with aronatically bound S 6:- 


sven) fe ae 


Dose tol/20g Mouse Smallest act- 


%S6 III 6x subcutan. ive dose 20¢ 
. Mouse 6x 
utan 
Sta 779 ) For structure 36.5 1/10 1/100 W 


Pa 7029) see above. 


IV. Antimony III preparation peroral 
Dose tol/20g Mouse Smaliest active 


% $6 III 6x peroral dose 20g Mouse 
or 

Pa 2011 Tartar emetic 36.5 1/400 1/400 W., 

1/800 H 

Pa 6505 Fuadin 13.5 1/25 1/50 W 
Dose tol/20g.Mouse Smallest active 
#86 III 6x peroral dose 20g. liouse 

, + eee ® pe ere ae ; 6x peroral 
St rea Antimony III 2745 1/100 1/106 Wie 
Pa 8819 Saccharic acid 


complex (Struc- 
ture unknown). 


These substances have such a low emetic dose that they are not 
useable, 


Dose tol/ Smallest act- 
B. %S6 ITT 20g lfouse ive Dose/20g. 
6x peroral ilouge 


sD 397 12 1/15 1/50 W 
Pa 8816 NHCONH2 
NH 
Na038 ON\ 0 (7) S0zia 
ie oo 
S03Na On " “SO 3N a 
SD + 61, ) SO2NH2¢ | 
Pa 3528 ) iz 1/5 1/5 H 
Na 038 7 ))— 0.1 0 —(/ ) S03Na 1/20 W 
nw Oo” -@ ‘9 pe 
SO03Na | SO3Na 
ONa 


315285-! . - F4 = 
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Pa 7029 ) See above 12 1/5 1/20 W 
~— NHCCHH, 
A “NH COME, 
~~ 
vg ht | »o— ~S03Na 
i 
| Sb 
; } * ee 
% PA +4 
~ 3-0 
SO3Na ONa SO3Na 
SD+ 584) 
Pa 8243 10.5 1/5 1/40 W 


Doses are fractions of a gram /20g. mouse. 


These show good action on mice but have such a low emetic 
dose on dogs etc. as to be useless. 


Ve. Antimony V Preparation 


None found to be of value. 


General Comments. 


1. Kikuth's method for the study of human schistosomiasis 
is of great importance,and if successful in other laboratories should 
lead to much new knowledge of this disease. 


2. Kikuth's method for screening and testing new drugs 
for schistonomasis is simple and efficient and the results can 
probably be regarded as a fairly reliablejfidex of what may be 
expected clinically, inasmuch as the parasites used are actually 
those which are parasitic for human beings. 


3. The toxicity of Miracil should be re-examinec together 
with other active members of the series, and the drug should be 
tested cautiously in the treatment of human cases of schistosoniasis. 


4. Fuadin in of] should be given clinical trial, especially 
in mass treatment, 


Ae ANTIMONY COMPOUNDS U IN TROPICAL DISEASES 


This sumiary is repetitive in some respects, but it is given 
here, as it is believed to present a more complete picture of the 


ideas now held by investigators at Elberfeld. 


 «BIGAS =! | | « 95-< 


Disease 
Tntestinal leishmaniasis 
Cutaneous leishmansAsis 
(oriental sore) 


South Americen 


Trypanosomiasis 


Malaria 


Svirochetal Diseases 


Sole 


Schistosomiasis 
(Bilharziasis) 


Filiariasis 


LymphoGranuloma 
venereum | 
(Granuloma inguinale) 


Leprosy 
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Antimoxnial 


Weo-stibosan 
Solustibossn 


Fuadin 
Solustibosan 


) Fuadin 
Nucocutaneous Leishmaniss‘s) 


Fuadin 


Solustibosan 


Fuadin 


187 


~ 76 


Renarks 


cone. (100 mg S6/ac) 
oil (54 m@.S 6/cc) 


Tnjected directly 
inte the 


Bayer £05 best 


Fair but better than 
York diamidine stilbes. 


Useful in cases whicn 
are resistant to ate- 
brin, plasmochin or 
quinine. 


No antimony compound 
useful. 
Salvarsan is best. 


Mircacil also useful 


Possibly useful. 
Sent to Calcutta for 
clinical trial. 


Possibly 


Possibly; this is an 
antimony oxide complex 
with saccharic acid. 


“necific for this. 


Chalmoogra oil best, 
Fuadin and Solusti- 
bosan, sometimes useu 
but results not good. 


Disease | Antimonial Remarks 


Lymphogranulona Solustibosan = 

Multiple Sclerosis Solustibosan -- 

Trachoma a Sulfonamides best, 
Trichinosis Fuadin Used by Germans quite 


extensively in last 
five years. 


5. . mo . 


Dr. Schmidt was able to give little general information on 
this subject. In general, each preparation is a special case. It 
is well known that organic antimoniels are much less stable than the 
corresponding arsenicals. Furthermore, the preparation of these 
antimonials requires as much art as science. licst cf the prepar- 
ations are amorphous, and the structure cf these js assumed on the 
basis of analysis rather than as a result of rigorous proof of 
structure. Pentavalent antimonials, such as solustibosan, are 
stable in aqueous solution. There are exceptions, however, 
since neo-stibosan is sensitive to moisture and must be packed dry 
jn ampoules. Trivalent antimonials, such as fuadin, are stable in 
solution, but must be protected against air and light. In this 
case the solution contains bisulfite but only as a bleach and not 
as an antioxidant. Compound #779 is as stable as fuadin. The 
stability of compound #3S86B is similar to that of salvarsan. 

It is unstable towards oxygen, and is packed dry in ampoules after 
evacuating in the presence of nitrogen. ‘When antimonials decompose, 
Sho03 or Sbo0 5 or the socium salts of these sre precipitated. 


6. ALEBISSIS 


Kikuth has been working sporadically with amoebiasis for many 
years. His culture of Entameba histolytica has been going jin his 
laboratory for 12 years and has had more than <000 culture passages. 
In the past few years he has tried to inoculate animals with it 
only once and this was a failure, either because cf loss of virulence 
or because the infecting cose wes too small. lis methed of culturing 
EB. histolytica. does not differ from that in common use. The 
method for inoculating animals is as followss Young kittens of 3 
or 4 weeks are used. The bowel is first washed 3 or 4 times with 
saline an then a stiff brush is inserted into the rectum and the 
mucosa scarified so that bleeding ts y;roduced (animals are 
anesthetizid with ether). A culture of amoebae or an infected stool 
is then placed into the rectum and the anus closed for & hours with 
aclamp. It is important to select the kittens with great care, 


excluding all those contaminated with ayranulecytosis virus or other 
viruses and other parasitic or vacterial diseases. The mortality 
from this procedure is high. Of 10 kittens so treated, only 3 or 

4, survive and are suitable for drug assay. When emoebse aopear in 
the stools, treatment must be started at once, or the animals 
succumb to the infection in a few days. 


Kikuth has never been able to save infected kittens with 
emetine but he has been able to cure them with "Gavano". Gavano 
is @ preparation made by Dr. Bruno Piitzer (now is U.S.A. - Vick 
Chemical Co.) about 15 years ago. It has the following structure: 


“CHS C2.CH2 8 (CoHs) 2 


a 
-0 -N 
CHz— a co -CHo N(CoHs) 2 


The intravenous toxicity for mice, rabbits, cats, and dogs is 

gaid to be about the same as that of emetine, i.e., 25 tc 30 mg/kg. 
for mice and 4 to 7 mg/kg. for rabbits, cats and dogs. The sub- 
cutaneous toxicity for mice is somewhat supericr to emetine (I! & D 
Gavano 100 mg/kg. emetine 65 mg/kg. For rabbits the subcutaneous 
toxicity is about half that of emetine and in cats about 1/8. 

The intramuscular toxicity for rabbits, cats and cogs is from 1/3 
to 1/10 that of emetine. Further details on the pharmacology of 
Gavano may be found in Appendix 8. 


Before the war nearly all German iodine came fron Japan. iihen 
this source of supply was cut off, an attempt was made to substitute 
other atoms for iodine in Yatren. A number or compounds were made, 
the best of which appeared to the following: 


C This preparation was tested by Kikuth in amoeba 
cultures and found to have sone activity, but it 
was not tested in kittens. 

0 


Kikuth believes the preparation is certainly inferior to Yafren and 
has no interest in it now that the war is over. 


Gavano was not considered by the research workers at Elber- 
feld to have sufficiant advantage over emetine to warrant: commercial 
introduction. 


The following reference on the use of Gavano were ovtained. 


1. Fitzgerald: Ind.Med. Gaz. 68, 458, 1933. 
2. Akashi: Jam. iled. Assn. Formosa XXXIV, 2, 1935. 
3.  Chopa, N; Sen,S., and Sen, Bs. Ind. Med. Gaz. 
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vol, 119, p.130, 1934 (In this reference the preparation 
is said to be an ipecac-like preparation this is an 


error) 

4. Ghosh, M.N.: Antiseptic (English), 1934 No. 31, No.5, 
P 281. 

5, Waldorp, © P.: Prensa Med.(Argentine)No, 46,p.2215, 
1935. 


Kikuth's method of test is as follows: 


Culture of Amoebse 


For propagation of Amoeba hystolytica, use is made of two kinds 
of cultures: 


L._£_-—Feeding base of serum 

100 ce of sterilized horse-serum (nothing added) 

25 com of buffered Ringer solution (gepufferte Rinsgerlbsung) 
(pH 7,4 -7,5) to be well mixed in Erlenmeyer flasks and poured 
off into tubes. After setting, it should be sterilized in the 
serum sterilizing apparatus for two successive days. On the 
first day it is kept at a temperature of 75-S0°C for two hours, 


and likewise for a similar period on the second day at a temper- 
ature of 85-90°C, 


Overlay fluid for above. 


Albumen thinning solution. 


The white of a fresh hen's egg is sterilized as.follows:= it is 
rubbed with soap or a solution of sublimate,- dried,- and then 
cleansed with alcohol, which is allowed to evaporate. The 
sterilized egg-white is then lifted with glass into 200 ec. 
“Erlenmeyer flasks and gently shaken. During this process, 100 cc. 
of thinning solution is added a little at a time. 


The white of an egg is about 20 cc. in volume. The solution of 
albumen in which the amoebae thrive is obtained by augmenting the 
above solution with 492,5 cc. of pH 7.5=7,4. 


2o— Agar solution for amoshae, 


1,000 cc buffered thinning solution (pH 7,47, 5) 
20 g of Agar. 


The finely sliced agar is left to soften in the thinning solution 
for 12 hours. Thereafter, it is kept at a temperature of 100°C in 
a steamer, until dissolved, and passed through cottonwool until 
perfectly clear, after which it is filled into tubes, replaced 

in the steamer, and left for a further two hours to sterilize and 
set. ; o 79 < 
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Overlay fluid for above. 
Dextrin-dlbunen solution, 


1 g. Dextrin and 90 cc of thinning solution (Ringerl&sung). 
10 cc of physiological saline. 


The Dextrin is dissolved by cooking in the salt solution and 
allowed to cool well, then it is added to 90 cc of the Ringer- 
lesung and with a similar amount (100 cc) of the above albumen 
solution to 'top up!. 


The following is also requireds- 


lice, (for the feeding base of serum and for the Ringer Agar.) 
The rice is rubbed fine in a grater, poured into small tubes, and 
sterilized in the hot chember for one hour at 100°C. 


2. Blood Agar, (For feeding base) 


225 cc distilled water. 
3,5 g. of Agar Agar. 
1,5 g. of salt. 


The finely sliced ager agar is left for 12 hours in 225 cc of 
distilled water, after which the fluid is poured off and measured. 
Fresh distilled water is added to the same amount as has been poured 
off and the salt added. It should then be placed in the steamer 
for 2 hours to dissolve and finally passed through a filter of 
cottonwool until the Agar is perfectly clear, and poured into 
small tubes. These should then be placed in the steamer for 
sterilization. After cooling the tubes to a temperature of about 
45°C, the same quantity of human blood (undisturbed) is added, 
well-mixed by shaking, and left to set. The tubes should be 

placed in a cool place for keeping. 


Burfered Ringer solution for the production of feeding bases and 


2,000 cc Distilled Water. 

12g Salt. 

0,2 g. Calcium Chloride. 

0,2 g. Potassium chloride 

0,2 g. Sodium bicarbonate 

10 g. Calcium Biphosphate. 
Approximately 52 cc. n/l sodium hydroxide. 


2000 cc. distilled water should be sterilized. From 50 to 70 ec. 
thereof should be poured into 5-10 cc. Erlenmeyer flasks. The 
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additional chemicals, after being weighed cut, should be placed in 
one of the classes and put into the steamer to be sterilized 
and, at the same moment, the larcer glass should go into the 
steamer to be sterilized as well for a period of two hours. After . 
cooling off, the contents of each smaller glass should be poured 
tin turn into the larger one, being well shaken each time, and the 
wr6le brought up to pH 7,4-7,5 through the addition of eter 
hydroxide and lectic acid. 


For cultivation of Amoeba hystolytica, it has been found advisable 
te interchance the feeding bases, i.e. to transfer them from the 
serum to the “Ringer agar and vice-versa. 


Shortly before using, 4,5 cc. of the solution is poured over the 
bottemn of the vessel in which the amoebae are to be bred, and the 
latter pleced in the incubation chamber to be pre-heated. 


This preliminary warming process should last for about an hour, as 
the amoebae are cxtremely sensitive to changes of temperature. The 
culture (which exists in the form of small flakes of slimy substance) 
should be iifted from the bottom of the tubes with a prewarmed 
eapiliery anc. transferred to one or more culture tubes, according 
to the amount of growth which has taken place = the tubes have 
“already beer made ready for their reception. A small quantity of 
ager prepared from human blood is then added to‘the feeding base 
with a glass spoon sterilized in a flame (rabbit's blood was found 
unsuitable for the purpose) - growth of the amoebae was greatly — 
retarded when rabbit's blood was used, but they immediately sprang 
into vigorous life again as scon as agar from human blood wes 
added. Both serum and the feeding base of Ringer agar should receive 
a small addition of rice thickening (it must be finely powdered) 
Incubation of the amoebae takes place at a temperature of 37-3800. 
They should be changed over into fresh tubes every second day. _ 
Wwe tried adding Trypaflavin in the proportion of one to one hundred 
| thousandths to prevent the growth of bacteria, but we found this 
wes superfluous and that it didnot lead to any increase in the _. 
rate of crowth of the culture. 


The serus feeding base jis covered°’with a. layer of Rincer. solutim - 
(pl 7.2) and 0.5 cem of the dilutant is then added. “f, for inbt- 
ance, a concentration of one thousandth is desired, then one hund- 
redth of the Giluent should be ——, since the subst bance has 
already been rade ten times weaker by the additionof the Ringer 
solution. Thereafter, the tubes are placed in the otbetien 
chamher, and left there for three hours. At the end of this 
period C.5-ec. of a suspension of amoebae (Aufs chwemng) 
is added. This should consist cof amoebae culture (abpippettierte_ 
AmBbenkultur) - human blocd agar, and the ricethickening; it 
showic then be of a raspberry color. The tanparatire shoul © be 
carefully watched. iicrospopic and other testing of the experiment 
takes place after an interval of 48 hours. - 81 = 
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Cenerel Comments. 


1. Kikuth's laboratory methods for the study of 
amebiasis are those in common use. 


Ss Gavano is probably of no interest initself, but 
since it appears to be highly active and is not similar 
in structure to emetine, possibly related substances might 
be produced which would be less toxic. 


o4 Tne chlorine substituted Yatren preparation has 
iittie 1f any interest. 


7. Piroplasmosis 


Inasmuch as piroplasmosis is unknown in Germany, it 
has been a subject of little interest to Kikuth until the 
German invasion of Russie at which time circumstances fa 
ced him to give some attention to the disease. 


There are two types of piroplasmosis, both naturally 
trensmitted by ticks. One type is caused by various species 
of Babesidae which attack man, dogs, horses, cattle, sheen 
and hogs. At least ten species of Babesidae are known. 

They are all characterized by fact that their whole life 
cycle in vertebrates is spent in the red blood corpuscle. 


The other type of piroplasmosia is caused by Theiler- 
idae, of which four species are known and’ all of which 
parasitize cattle. ‘The Fheileridae inhibit not only red 
vlood cells »ut elso the endothelial cells, lymphocytes 
and monocytes of the intemal organs especially of the 
liver and spleen. in the leboratory Kikuth was able to. 
work only on Eabesidae infections of dogs. However, sev- 
eral trios to Poland and the East afforded him an opport- 
unity to test drugs on other forms of the parasite that 
attack other animals. Of the many drugs tested on dogs 
in the laboratory such as antimalarials (atebrin and 
plasmochin), sulfonamides, antimony and arsenic compounds, 
and various dyestuffs, none were found to possess even a 
trace of activity. Trypflavin, trypan blue, and a new 
preparation, Acaprin, showed varying degrees of activity 
in dogs, and were also tested in other animals. 


Of the three preparations that were tested, trypan 

blue was found to.be somewhat active in dogs infected 
with B. canis, in cattle infected with B. bigemina, 
B, argentina, B. bovis, and in B. caballi infection 
of horses. it was inactive against the other species 
of Babesidae and in all the Theileridae infections of 
cattle. ace Siu 
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Trypaflavin was satisfactorily active only in B,. 
canis infections of dogs and 5.bovis infections of cattle. 
Tt was slightly active against E.bigemina, B. argentina 
and B. Sarees fs aabtlel B. cabatlt ard B. egui in horses, 
and B. ovis infections of sheep. It was entirely inactive 
in all infections of cattle with Theileridae. The new pre- 
paration Acaprin was by far the most active. It is con- 
sidered by Kikuth as providing a completely satisfactory 
treatment goer ce B. canis infections of dogs and B. 
bigemina, B.ar entina Be Bovis and B. berbers infections 
of cattle. It is somewhat less active in Cattle infected 


with B.divergens. 


It is entirely satisfactory in the treatment of infe- 
ctions with the horse parasites B.caballi and B. equi, 
and is about equal to trypaflavin in B. _ovis infections 
of sheep. It is also satisfactory in B.trautmanni infec- 
tions of hogs. In addition it is slightly active against 
two of the Theileridse (T. dispar and Th.annulata) that 
infect cattle. 


According to Kikuth the results of Acraprin treat- 
ments are most dramatic. In less than twenty-four hours 
after the beginning of treatment by subcutaneous or 
intramuscular injection, the animal's temperature falls 
to normal, and in a few deys the animal appears quite well 
and normal. 


A description of the use of Acraprin in animals is 
Wioche in Kikuth's paper in the Deutsche Tierarztliche 
ochenschrift 49, 190 (1941). 


Toe following table indicates the activity of Acaprin 
in various veterinary infections, as comp red with Trypa- 
flavin and Trypan blue. 


Trypa- Trypan: 
Organism | Animal Acaprin flavin blue 
Family: Babesidae du Toit 

B.canis | Dog 32 + i a 

. 3B. Bigemina kt 2 + 
(Texas fever) ; 

B. argentina +2 4 (+) 
 B.bovis : 
| Cattle a 2 2 + 2 


(Bovine Re 
globinuria) 


- grs2s-! ~ 83 = 


B. divergens 


) 
British bovine) ) + -- 0 
Redwater) 
B, (Babesiella) ) 
berbera 
B. caballi + 2 2 = 
) Horse 
Beequi )) 2 3 3 0 
(Nuttallia) 
B. (Babesiella) ) 
ovis Sheep 3 + 0 
B.trautmanni ) Swine + 3 - - 
Be ? 5 38 ) 
( ee ) el iui toi Thelleridae du Teit 
Thparva : 
(African coastal )} 
fever) fe) ) O 
Th. dispar + fe) fe) 
Th. annulata Swine “ O O 
Th. mutans ) 
(Gonderia, ) fe) O O 
pseudo-coastal ) 
fever) ) 


The designation of activity is as follows 2 = active, 
+25 very active, 0 = inactive, - = not tried. 


The structural formula of the compounds listed | 
above are: | 


Acaprin Trypaflavin Trypanblue | 
i =Ni | 
Z NH=CO-NE S | ‘t 7 > Ne WN -H lo ae 
HoN - NAA aH ~SBzNO 
S 4 2 “iN iia va. NEN OH eNHe 
CH ¢— > N=N - 
H3C% “SO4CH3 CHz04S’ “Ch o. 5 SN 80 —sosno 


The method of synthesis of Acraprin (Akiron) is 
as follows: se 


s71s2s5-1 


: CHe glycerine OoNn~ YY NS 
ied O id CH H2S0N : 'G Se ee 1 


Niron CH COOH 


bit ASe05 
aA 
HoW an \) COC12 | oy NH 
LAW conn ne 
AMI ron uron 
(CHz) 9504 Acaprin 
seabicianinenlaniian . 


K. Conclusion. 


Because of its ability to cure many of the more 
common types of piroplasmosis in domestic animals Acaprin 
is likely tc be of great economic importance in veterinary 
medicine in the tronics. 


8. BARTONELLOSIS 


Nearly all laboratory rats available in Germany 
ere naturally infected with Bartonella muris. Kikuth 
has found only two or three exceptions to this rnie. 
The infection is latent and only becomes evident upon 
splenectomy. Upon removal of the spleen the organisms 
appear in the red blood cells, usually on the third day, 
and a profound anemia develops which is fatal in a large 
number of un treated animals. Drugs are tested in two 
ways. ‘They are administered for two or three weeks before 
the spleen is removed to show presence or absence of a 
prophylactic effect, or treatment is started three or four 
days after splenestomy to determine the effect of the drug 
on the course of the disease. Many drugs have been 
tested in rat bartonellosis, including Acaprin and the 
sulfonamides, but all were found inactive except prepapat- 
ion 386 B. This compound is similar to neoarsphen- 
amine, except that two of the arsenic atoms are replaced 
by antimony. The structure is not known with certainty 
but the preparation analyzes for the following structure. 
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A. Preparation of S86B 


Kikuth is enthusiastic about this compound. He 
says that the toxicity ts low md the activity great. 
In experimental infections the therareutic index is 
of the order of 1:500. If given before splenectomy, 
386B willrezularly*prevent the appearance of bartonella 
in the blood, and if given after the appearance of the 
disease the anemia responds rapidly, the bartonella 
disappear from the erythrocytes and all animals not mor- 
ibund before treatment begin to recover. The disease does 
not recur in treeted animals. Clinical studies have 
been carried out in South America in human bartonellosis, 
i.e. Groya fever and Verruga veruana. The doses used 
were 0.1 to 0.3 g. intravenously in courses with the 
total dosage 5 to 7 g. 


The favorable results bn clinical bartenellosis 
are reported in Archiv flr Schriffs - und Tropen- 
Hygiene 41 729 (1937), but these have not been confirmed 
by American obsefvers. A discussion of Kikuth's methods 
for studying bartonellosis in the laboratory and a 
review of the pharmacology of the drug als appears in 
the aforementioned paper. ‘here is no noteworthy toxicity 
according to Kikuth until large doses are reached when 
symptoms of acute arsenic or antimony poisoning occurs. 
The product contains 18% arsenic and 20% antimony. 


Schmidt Compound #386 B 


1 4 hydroxy - 3 - aminophenylarsenate. 
OF OH 
“i ip can a 
N NO2 o * NHe 
f ' 
AsOzHo As Ho CHz COOH 
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Apparatus: 8 1. porcellain container with lid with 

three openings and a stirrer. 155 g. of 4-hydroxy - 3- 
nitrphenylarsenic acid (from HBchat) and 1.5 1. of coh- 
centrated H Cl were placed in the container. After a 
short stirring 1.5 1 ef water are added and an atmosphere 
of COo is introduced. To this are added over a period of 
ten minutes. 700 g. of zinc dust. This causes the 
temperature to rise to ca. 80° ¢. The mixture is cooled 
and filtered in the absence of air. The filtrate is pla- 
ced in a flask and 2 kg ofC.P. sodium acetate plus 50 cc, 
of glacial acetic acid are added. Air is excluded and 
the mixture placed in a refrigerator for several hours. 
The arsenacetate is filtered off, washed three times with 
cold water, and dried in vacuo. The yield is about 110 g. 
The arsenacetate is filtered off, washed three times with 
cold water, and dried in vacuo. The yield is about 110 g. 
of colorless product. This should be kept in ampules under 
nitrogen. Its m.p. is 140°C and 0.1 g requires ca. 24 cc. 
N/10 iodine solution. 2. Glycid (Epihydrin alcohol CHg=CH 


- CHp20H)1065 g. obmonochlorhydrin (CHgCe CHON OHj0H) gigg- 


olved in1l1. of absolute alcohol were added to a cold 
solution of 538 g. of KOH in 2.50 cc. of absolute alcohol. 
The cold mixture was allowed to stand for several hours 
and evdporate. It was fractionally distilled. B.P. €&° 


Se 4-hydroxy - 3 - dihydroxypropylamino-aminibenzene 
arsenantimony hydrochloride. 


OH 
Or, #2 Sb Clz3 44 CHp-CH-CHg0H ——> 
_ a ee 
AsHo CH5COOH OH 
i 
\CHpCHCHSOH 
(CH50H CHONCHs) No OH OH NH 
NG 7 NH, 
As Ss CHOH 
Sop% “N sp Che 
OH 


100 g. of 4-hydroxy - 35 aminophenylarsenacetate were placed 
in all. flask with methyl alcohol; to this were ,added 
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90 ec. of glycid and the flask filled to the top with met- 
hyl alcohol. Agitation was accomplished by the use of 
glass balls. ‘The mixture was allowed to stand for 24 hours. 


At the end of this time the mixture was cooled to qgbout 
15°C and to it was added a solution of 58 g. of mtimony 
trichloride in 600 uc. of methanol to which had been 
added 30 cc. of glycid. A yellowish red precipitate is 
obtained which redissolves in a few minutes. The temper- 
ature is allowed to rise to 1°C and the yellow red color 
disappears. The solution is stirred into 8 1. of acetone. 
The resulting precipitate is filtered off and washed with 
acetone (under C09). ‘The precipitate is then dried with 
ether and dried over sulfuric acid and potassium in vacuo, 
The yield is 160 g. of a yellowish brown powder. 


4. Reaction with formaldehyde - bisulfite. 


The hydrochloride from step 3 above is dissolved in 
water and ice is added. To this is added 2 N sodium 
hydroxide to obtain a neutral solution (ca.200 cc). A 
brown suspension is obtained to which is added 200 g. of 
formaldeyhde-bisulfite. The flask (2 1.) is filled com- 
pletely with distilled water, and shaken for several hows | 
to effect solution (glass balls are used to agitate). | 


After twenty-four sours the dark brown solution is 
filtered through a glass filter and the filtrate added tp 
5.6 1l.of methanol which causes precipitation of the prod- 
uct. 


This is filtered off (glass filter #1, papery #575 
under nitrogen), washed three times with 90%, four times 
with 100% methyl alcohol, and dried over sulfuric acid 
and potassium in vacuo. 


The resulting product is powdered and put through a 
number 5 sieve and dried again. A brown powder is 
obtained weighing 140 g. 


Compound 386 B is an amorphous powder which anal- 

yzes best for the stbucture given. t is not known 

with certainty that this structure represents exactiy the 
compound used. In other words, a product resulting from | 
the method given above exhibits the properties enumerated. 
This, however, is generally the case with antimonials, _ 
except for solustibosan of which the structure is fairly 
well defined. ; 


5. Glucose mixture. 
Equal mixtures of the sieved compound from 4 and 


nure glucose are mixed under nitrogen through a #5 sieve. 
3ES25-1 5 ; &8 


Filtration with iodine, 0.2 ¢. require 15 cc. N/10 
iodine. 


b. Pharmacology of 386 B 


Single Doses. The subcutaneous N.L.D. for mice is 
0.15 g/xg. With an intravenous dose of 100 mg/kg. rabbits 
die in three days, with 120 mg/kg. in two days, and with 
200 mg/kg. in twenty-four hours. ‘The autopsy findings 
were massive hemorrhaze of intestines, hyperemia of the 
kidneys, fatty dezeneration of the liver and albuminuria 
but no glycosuria. Rabbits receiving 75 mg/kg. intraven- 
ously survived. 


When cats were given 0.2 g/ke. subcutaneously, accd - 
eration of respiration was noted within two hours; 
in three hours the mimals were down and could not rise; 
fifty minutes later death occurred with pulmonary edema 
and evidence of insufficiency of the left heart. Symptoms 
of acute antimony or arsenic intoxication were not produced. 


Repeated Doses. One rabbit died after five daily 
subcutaneous injections of 50 mg/kg. Another rabbit 
tolerated six such injections with only a small decrease 
in haemoglobin and erythrocyte content of the blood. 
There were no urinary changes or loss of body weight. 


Comparisons of the tolerance of Fuadin, neosalversan, 
and #3586 B are shown in the following table: 


Percent metal Maximum tolerated I.V. 
in compound Dose in rabbits in mg/kg. 
Prep. 
AS Sb Compound AS Sb 
Fuadin - 15.5 &O - 10.8 
19 
Neosalvarsan - 200 38 - 
586 B 18 20 75 15.5 15 


This drug has chemotherapeutic properties of interest 
and is not unduly toxic. It-‘should receive furtner attmt- 


ion. 
Comments. 


1. There is some doubt resarding the extent to which re- 
sults in rat bartohelloses can be interpreted in terms of 
human Qoya Fever or Verruga peruana, nevertheless the 
technique should be useful for screening drugs. 


2 Prep. 386 B deserves further clinical study. 
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9. Leprosy 


Kikuth's interest in leprosy has tended to follow along 
tne line of the development of a good laboratory technique 
for studying the disease, rather than along the line of 
testing new chemotherapeutic agents for the disease although 
some chemotnerapy experiments have been dons. He uses 
Mycobacterium stefanski infections in rets. He obtained 
his strain of organisms from Paris and is able to infect 
100% of animals. His technique is briefly as follows: 


A leproma is removed from an infected animal under 
as nearly sterile conditions as possible and washed several 
times in normal saline. The leproma is divided into pieces 
about $ the size of a pea and these are transplanted 
under the skin of new rats in the inguinal region. if 
the animals are in a good nutritional state lepromata 
invariably appear. Kikuth made the interesting observat- 
ion that in one batch of animals which were in poor cond- 
ition (poor state of nutrition, infested with lice and fungi) 
lepromata did not appear. On more careful examination, 
however, M. stefanski could be demonstrated in the inter- 
nal organs. This observation led to more careful study, 
and it was found that Bl avitaminosis could produce the | 
same effect. Whereas animals on a diet normal with res- | 
pect to By, content developed lepromata, animals on a . 
Giet deficient in B, did not develop lepromata but ac- 
quired a generalized infection with M. stefanski. Kikuth 
believes that this observation opens up a new way which 
more nearly approaches the human disease for studying 
leprosy in the, laboratory. It is his opinion that in 
testing chemothapeutic agents in the laboratory, the 
systemic disease should be studied rather than the local 
lesions. Furthermore, he believes that further studies 
on vitamin deficiencies and nutrition of native populations 
where leprosy is endemic may shed light on some of the 
baffling woblems of the transmission of leprosy. 


Papers dealing with the methods of test and the effect 
of vitamin deficiency are to be found in Z.f. Bakt., 
Parasit, und Infectionskrankheiten 151, 50 (1943), and 
Medizin und Chemie V.4. 


The only_studies oh the treatment of rat leprosy were 
made with 4,4°-diaminostilbene. In large doses this 
compound seems to have a beneficial effect upon the syst- 
emic disease of rats but the results are statistical. 
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Activity of 4,4+ - Diaminostilbene in Rat leprosy 


Mis nvroduct has the structure 


aad 


It is used as an aqueous Suspension and is injected sub- 
cuteansously. Tre toxicity is roughly 200 me/20 g mouse. 
In the first sxveriment, 1500 and 1200 me/ig was used 
three times a week, until the mimals had received 5 
doses. A retardins erfect was definitely noticeable on 
tne Gevelopment of the disease; howefer, the drug was 
badly tolerated. 


In the second experivent, mich smaller doses were 
used, namely, a dose of 30 me/kge ence 2 week for six 
weeks. In this case, no activity was to be seen. 


A thirc series, using 70 mg/kg. once a week showed 
definite activity. 


The question to be answered is whether this substame 
exerts a zeneral influence on rat leprosy. A longer 
period of observation is also necessary as at least 15 weeks 
are required before untreated rats show sloughing of organs. 
Doses of 1000 and 700 mg/kg once a week are not tolerated. 
The rats die at the latest in 9-13 weeks, but the organs 
are free of leprosy bacilli. 


In a new experiment, 20 rats were given 100 mg/kg 
once a week. ‘Eight survived the full 18 weeks, and a 
nintn died in the 16th week. ‘The results on these nine 
mice are given in the table. 


Positive culture Negative 


in organs culture 
in organs 
Diaminostilbene treated 2 7 
Controls 9 id 


From these results, it anpears that this substance 
actually shows a slight activity in rat leprosy, but owing 
to its toxicity higher doses can not be used. 


Comnents. 


1. Kivrith's suggestion that the systemic disease 
of rats be studied further should be followed. 


Ze Tie opinion that the systemic disease offers 4 
better criterion for judging chemotherapeutic azents appears 
to be correct, althougn the method is much more laborious 
and time consuming than the use of lepromata as criteria. 
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3 Further study of the systemic disease may throw 
light on the transmission of human leprosy. 


4. Diaminostilbene is active in rat leprosy and 
deserves further attention. 


Se In order to lessen the toxicity of diaminost- 
ilbene, it might be possible to detoxify this drug with 
galactose, as is done with diamino-diphenyl sulfone in 
Tibatin. 


. VIT. . PENICILLIN 


Very little research work has been under way on peni- 
cillin at Hlberfeld. Dr. Auhagen haw made experimental 
runs in 10-20 1. flasks. No trouble with contamination 
was experienced in these cases, but considerable trouble 
was had in obtaining @ood culturues of Penicillium nota 
tum. Captured Burroughs Wellcome material of about 200 

mg. was used as a standard. The highest purity obtained 
by Auhagen was also 200 ufmg. Sodium and calcium salts 
were prepared in minute amounts. War scarcities of 
materials prevented him from proceeding to work on a 
larger scale. No preparations of the salts from the 
frozen state were made. In fact the impression was gained, 
that Dr. Auhagen knew nothing about such drying procedures. 


In these case of surface cultures, the broth 
obtained had an activity of about 50 u/ce while sub- 
merged cultures yielded only about 5u/cc. The fer- 
mentation was carried out at a temperature Of about 
24-27°9C following the British published results of 
1942-3 and the fermentation was allowed to proceed for 
(10-14 days. 


Purification of the broth was carried out by 
acidifying it to pH 2.0 with phosphoric acid and extract- 
ing the acidified broth with butyl acetate. Further pur- 
ification was effected by extraction of the butyl acetate 
with scdium bicarbonate solution, reextraction of this 
with butyl acetate and finally extraction with calcium 
hydroxide or sodium bicarbonate. The penicillin salt was 
obtained by evaporation of this aqueous solution. 


Due to Domagk's influence, the feeling at Elber- 
feld was that commercially penicillin was not a serious 
competitor with the sulfa drugs. 


It is obvious that no structural work could be done 
on penicillin preparations of the low order of purity in 
the hands of the Elberfeld investigators. The only 
empirical formula known to these chemists was that publi- 
shed by the British workers in 1942-35, which ‘did not pro- 
vide a starting point for ty vetihauahe work. No work on any 
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syntheses aimed at penicillin are under way or are cout- 
empleted by Elberfeld. No other antibiotics are. being 
investigated there. 


VIII Miscellaneous information .collectedcb interrogation 
of the members of the Biochemical Department. 


vee Prof. Werland is the head of thts Department. He has 


done practically no research in the last three years beca- 
use he was unable to get any starting material, such as 
glands from slaughter houses. He was-interested in 

liver and in the P.A. principle but knew nothihg of interest 
and in fact attempted to interrogate us on the new devel- 
opments, if any, during the war. 


He had done some work on penicillin; thus is describ- 
ed under section VII. 


2. Very little work has been done on protein hydrosates. 
No progress has been made on the isolation or purification 
of any new growth factors. 


Se Folic aoid in very crude form had been made several 
years ago from liver. No ideas regarding structure could 
be obtained. Doubtless none could be ascertained from such 
a crude mixture. 


4. Auhagen brought up the question of the Vitamin Do 
story of Dimroth and his assistant. For the sake of the 
record, Dimroth and a junior author published a series 

of papers five years ego in the Berichte in which it was 
claimed that a synthesis of Vitamin D had been accomplished. 
It was subsequently learned by Dimroth that the student 
had falsified the reports. Consequently in Dec. 1943, he 
published a note in the Berichte repudiating the entire 
series of papers. Certein preparations provided by 

Dimroth were tested by Auhagen; natural Vitamins D2 had 
been added to these so that positive results were obtained. 


IX. Antivitamins and bacterial metabolism. (Dr. Auhagen). 
Work has been dome at Elberfeld on this subject 


with particular emphasis on sulfanilamide antagonists. 
Allscompounds were tested in vitro using the lactobacillus 


as the test organism. 


Auhagen finds that the following compounds inhibit 
sulfamilamide in the test. 


2 
2. pp. - Diaminobenzil  HoNG ec © is foe 


ce a p-Aminobenzoic Acid H v=) 0008 


3. p,De-diaminobenzcphenone HoNC3C C_ Ng 
31Ss25-) ; 93 


4. ° Ne(p-aminobenzoyl) - 1 = glutamic acid. 
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5. N-(p-aminobenzenesulfonyl) - d - «ly 


HoN CY SOghHCHCIIpcHeCCoH 


COOH 


He finds that the following do not inhibit sul- 
familamide under identical conditions: — 


1. N-(p-aminobenzoyl) - d-glutamic Acid. 


Ho N CONHCHCH,CH.COO: 
2 NED comcuorsci, 
COCH 


ae N- (p-aminobenzeresulfonyl) - ad - glutamic acid. 


Hon Y_» S01 i idk OOH 
as 


the order of activity of compounds exhibiting sul- 
fanilamide activity is: 


p-arinobenzoic acid 1.0 
p,p' - diamincbenzil Os2 
o,p' - diaminobenzophenone O.1 


MN - (p-aminobenzoyl) - 1 - glutamic acid 5.0 


An interesting property of N-(p-aminobenzoyl) 
- 1 - glutamic acid is that while p — aminobenzoic 
acid in high concentrations has a slight toxicity 
towards the lactobacillus, the N-acyl- l-glutamic acid 
exhibits no demonstable toxicity. 


It is also significant that in the series of 
N-acyl-glutamic acids, the stereo configuration of the 
glutamic acid portion as well as the character of the 
acyl group is of prime importance so far as the inhibition 
of the sulfanilamide action on the lactobacillus is 
concerned. 
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Acyl Group a-glutamic l-glutamic 


Ho N-¢ _S-cc- No inhibition Inhibition 
HN -¢_Y- S0g inhibition in inhibition 


Compounds have alse prepared with thé idea of 
finding inbibitors for manfanil. To date none have 
been found. Tynes of compounds tried include. 


Hon € __‘) CHCOOH HpN CHa @ ___S COOH 


Domagk still does not thin thep-aminobenzoic 
acia theory of Fildes is the explanation of the activity 
of the sulfa drugs. This theory states that sulfanila- 
mide is active by virtue of its interference with the 
action of p-aminobenzoic acid as a vitamin or essential 
metabolite of the bacteria. Aughagen is in disagreement 
with Domagk on this point. 


Very little work has been done on the metabolism 
of parent and sulfa-resistant strains of bacteria. ‘The 
only results of importance learned were that the sulfa- 
resistant streptococcus produces thirty times more p- 
aminbenzoic acid as a metabolic product than the parent 
strain. No such result is observed with the genococcus. 


No substances has been found by Auhagen which anta- 
gonizes Vitamin Bj. ‘this indicates that he at least is 


behind such American workers as Woolley. \ 


Pantoyltaurine has been found to be an anti- 
pantothenic acid. This is in agreement with Kuhn and 
Woolley. 


An anti-p-aminobenzoic acid has been found. 


This is p-aminoacetophenone. 


No active anti-nicotinic acid has been found. 
It is interesting to note that while p-aminoacetphenone 
antagonizes v-aminobenzoic acid p-acetopryidine is 
not an antagonist for nicotinic acid. 


Aas Dibromsalicyl and Analogs. 


Following Prof. Kuhn's published reports on the sal- 
icyl derivatives work was started at Elberfeld along these 


lines. 
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Dibromsalicyl md tetrechlorsalicyl were prepared by 
Dr. Meitzsch and submitted to Domagk for testing. He was 
unable to confirm Kuhn's reported activity against. tubercle 
bacllli in vitro tests. | 


Concerning this point a memorandum from Domagk to 
H8rlein dated June 23, 1944 is of interest: "5,5" - 
Gibrom - 2,2' dioxybenzil obtained from Prof. Kuhn was 
tested by us under number @ 355 and Prof. Kuhn has already 
been informed that the preparation shows a good inhibitive 
action against staphylococcus in vitro. Dr. Kuhn's obser- 
vation concerning the activity against tubercle bacilli 
was not confirmed; even in a concentration of 1:1000, in 
contrast to Eleudron (sulfathiazol), ot showed no activity 
agaihst the tubercle bacillus. Prof. Kuhn was given a 
complete report of the technique of the test and results 
of the test on March 7, 1944. With Toc infected animals 
(Type bovine as well as Type human) the substance "showed 
no activity, administered subcutaneously, orally or locally. 
For further staphylococcus tests new material was required 
from Prof. Kuhn, since all of the materia! had been used 
in the The test. On June2, 1944 we were supplied with 5,5'- 
dibromsalicyl by our Dr. Linsert. ‘his showed, when used 
as a suspension on agar plates, total inhibition against 
‘staphylococcus in concentrations of 1:50,000. Eleudron | 
showed Under identical conditions, inhibition up to 1:250,000 
(Test of June 21), with weaker strains the inhibition may 
be demonstrated up to 1:100,000. An aqueous solution 
prepared by Dr. Linsert, (called by him BST 1125 and by 
us R314) showed in a test on June 21, complete inhibition 
of staphylococcus up to 1:50,000, The inhinditive activity 
of 5,5' - dibrom - 2.2' - dioxybenzil against staphyloco- 
ecus in plate tests is exceeded by the following sulfona- 
mides: Sulfathiazol (Eleudron); Globucid (sulfaethy-. 
lthiadiazol) is equally effective. 


Domagk" 


The Merch 7, 1644 memorandum from Domagk to Kuhn is 
as follcws: 


1 1 1 1 1 peek 
TO00 5000 10,000 £5,000 50,000 100.000 
a ; é 
Q335 (Kuhn) b 222 233 223 233 $33 333 
: adi2 343 “daa $33 et baceiee Ee 
@236., (kubh) bd dtae ddd aoe 333 543 223 
ha pee age 9 0 0 0 0 
Sulfathiazol b 0 0 0 0 0 0 
Q 372 443 
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The control shows a #24 growth 

« 355 is &,5'-dibrom - 2,2' - dioxybvenzil. 

@ 356 is 5,5 - diiodosalicylic acid. 

(a) The culture on eg: substrate plus magnesium sulfate. 
(bo) The culture on egs substrate minus magnesium sulfate. 
@ 572 is tetrabromistizin using Tubercle bacillus, 

(typus himanus). 


the following protocol was written by Dr. Brdmmelhts 
on May 29, 1945. 


"Bacteriostatic and fungicidal activity. 


aS R31@ = pure dibromsalycylic acid. 
2. R 85 = dibromsalicylic acid containing some 


tetrabrom. 
3. S122 = Tetrachlorsalicylic acid. 


The investigation was carried out on 


(a) Pathogenic Nolds. 
1. Sporotrichon sp. (Prof. Gritz, Bonn) 
2 Aspergillus Fischeri, Wehmer 
om Epidermophyton, Kaufmann - Wolf. 
4, Trichophyton diseoides. 
5. Actinomvees buccalis or 
6. Actinomyces innominatus. 


(The culture medium consisted of 2% biomalt agar and these 
were tested in Petri dishes) 


(b) 
a Staph. haemolytious aureus, in Bouillon 
ee Strept. oaemo lytious Waaker, in Serum bou- 
illon. 
9. Pneum. Typ. I in Serum bouillon 
10. EB. dysenteriae, Shiza Kruse (Rob. Koch) in 
the mbdification substrate from Koser. 


The results of tne tests are given below. The tables giv 
the number of the préparation and the lcwest concentrat- 
ion in which no growth results. 


R 318 R 85 S lee 
1. Sporotrichon 1:50,000 13:10,000 1:10,000 
2. Aspergillus 1: 3000 1:1000 1:1000 
4. Epidermophyton 1: 5000 1:2000 1:5000 
4. Trict onphyton 1:20,000 1:20 ,000 1:5000 


o 
a 
a 
h 
H 
i®; 
~~ 


iad buccalis 


)Act. or 1:30,000 1:20,000 ~- 
6.)  innominatus 
7. Staphylococcus 1:100,000 1:100,000 1:100,000 
8. Streptococcus 1:10,000 -- 1:10,000 
9. Pneumococcus 1:100,000 1:100,000 me 
10. B. dys., Shiga Krvsel:1000 1:1000 1:1000 


The pronounced fungicidal and bacteriocidal activity is 
shown by thepreparations in the greatest dilution only if 
the preparation completely dissolves. 


The good results in vitro are not borne out in in 
vivo tests. In this case the preparations are inactive. 


Mietsch has prepared tetrabromistizin. This is an 
old compound. In concratrations of 1:1000 it has no 
activity against tuberculosis as shown above, and also 
shows no in vivo activity. 


For comparative purpose the compounds mentioned in 
the various memos and protocols above are given below. 


Q5355-5,5' dibrom-2,2' dioxybenzil 
(dibromsalicyl 
OH 


HO 

€»-co-co- —~€—> 

Br ro 

Q556 3,5 diiodosalicylic acid 
ir , 0H 

pal -COOH 


fio 


Q372 Tetrabromistizin 


€ em —— 


R318 Dibromsalicylic acid 


og Saale yee 
4X — COOH 
Br 


Sl2e Tetrachlorsalicylic Acid 


- OH 


ont DS a ae ents Le 


Cl 
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XI Ectromelia 


Some preliminary work done ‘several yearw ago 
was dropped because the infection once introduced into 
a laboratory is likely, to kill all mice. Kikuth considers 
ectromelia too much of a nuisance with which to work. 


XII Cancer Research (Dr. Hackmann) 


One of Dr. Hackmann's chief interests is the study 
of neoplasms in animals and a search for an agent which 
will have a beneficial effect in this disease. For his 
study he uses Maud Slye spontaneous tumors in mice, 
Walker carcinoma in rats, Jensen sarcoma in rets, Hrown- 
Pierce carcinoma in rabbits and Erlich implanted carcinona 
in mice. Hackmann has no rational plan for this study. 
Every new compound made by the chemical department is 
dividéd into several parts. ‘Some is sent to Domragk for 
bacterial studies, some to Kikuth for ‘tests on protozoal 
infections and virus and rickettsial diseases and some to 
Hackmann for study in cancer. ‘he compounds are tested 
blindly in routine fashion. ‘hey are either injected 
subcutaneously or given per os in repeated doeses of 
from‘1/10 to 1.30 of the lethal dose. Oral doses are 
given daily and subcutaneous doses semi-weekly for 
periods ranging from 2 weeks to 1 month. Transplanted 
tumors are used to screen the compounds. Any that look 
promising are then tried on PPOR PENG SLs tumors. ‘The 


technique for the former is as follows A tumor’ t's 
removed and ground up, mixed with a little saline and- 
injected into a healthy animal. For spontaneous tumors, 


young mice of cancer heredity having tumors of 1 or 2 rm. 
diameter are chosen. At the end of the treatment, tumors 
are measured again, removed, weighed, and compared with 
controls -- not litter mates but from the seme strain. 

He has worked with a larse number of comrounds, none of 
which appeared very promising. included are tke organic 
silver compounds and organic and inorganic fluorides. 
This work was abandoned years aso es nopeless. “he most 
promising preparation which Hackmann has found so far is 
A 1888/3 prepared by Dr. Auhajen. It is dl-alanylglycyl- 
glycine. 


The following are typical of the results obtained 
wW.th transplanted tumors. . 


In 20 treated mimals, the average weight of the 
‘tumor after treatment was 4.2 g. In 20 untreated contr- 
ols it weig ed 7.9 g. 


In another experiment witn the same compound, the 
tumors of 25 treated animals averaged 11.0 g. and tne 
control tumors averaged 12.4 zg. 
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In a third exp riment, the average weight of the 
tumors in treated animals was 7.5 g. and the untreated 
controls averazed 12.0 g. 


This preparation was placed on clinical test on the 
basis of such results as these. To date the only report 
is that the preparation is well tolerated. 


Another series of compounds were thought at one 
time to show promise. These were made by Dr. P&hls but 
since have been stiown to be entirely inactive. These 
were the aliphatic sulfones and sulfonamides. 


CH CH, CHz 
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Hackmanhalwo studied cancer immunity by injecting 
rabbits with suspensions of cancer cells and tumor 
extracts. He says that some immunity is produced. He 
has also studied the carcinogenic properties of diethyl 
stilboestrol, and has found nothing which antagonizes tl 
carcinogenic action of such compounds. Tissue cultures 
were not vsed in this investigation as Hackmann feels 
that his method of study has no relation to human cancer. 


All in all, the approach to the problem at Elberfeld 


is entirely hit or miss, illogical, and unlikely to 
produce results in the near future. 
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Herrn Dr. | W-Nr.: | 
Pharmakolog. Untersuchung lhres Praparates Nr... 


Maus: _ intrav. 
Giftigkeit: Ratte: subcut. 
Kanin.: per os 


Kanin.: 
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Kate: 

Kanin.: 
Atmung: — abe 

Kanin.: 
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‘gist Riad Fiebernd. Kanin.: 
Analgesie: 


Sonstiges: 


Ergebnis: 
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NDIX 2 


Zur Inhalationstherapie der experimentellen 
Bronchopneunonie mit Sulfathioharnstoff (Badional) . 


von 
‘Walter Kikuth u. Marianne Bock 


Aus deg Chemotherapeutischen Laboratorium der J.G., 
Werk Wuppertal-Elberfeld. 
(Leiters Prof.Dr. Walter Kikuth) 


Vor kurzem konnte Bock zeigen, dass die von GBnnert 
beschriebene Virusbronchopneumonie Cer lieus und die durch das 
Lymphogranuloma inguinale-Virus experimentell hervorgerufene 
spezifische Pneumonie, deren Erreger nahe miteinander verwandt 
gind und zu der Gruppe der grossen Virusarten gehtren, durch 
Inhalation von sulfonamidhaltigen Substanzen chemotherapeutisch 
zu heilen sind, wobei das Debenal (Sulfapyrimidin) und seine 
Derivate sich als besonders wirksam erwiesen. An Hand zahlreicher 
Inhalationsund Injektionsversuche und mit Hilfe zu verschiedenen 
Zeiten vorgenommener Debenalbestimmungen im Blut und Lungengewebe 
konnte Bock den Nackweis erbringen, dase d?e Inhalaticns-behandlung 
der parenteralen ticerlegen ist; sie fand, dass die aufgenommenen 
Substanzmengen dabei geringer sind als diejenigen, die auf per- 
oraiem oder parenteralem Wege zum gleichen Ziele, n&mlich zur 
A&usheilung der Infektion, fthren. Das war um so bemerkenswerter, 
als die Blutkonzentrat‘onen der Medikamente nach Inhalation hinter 
denen nach parenteraler Verabreichung zurlickblieben. Durch die 
Inhalation gelingt es offenbar, eine lokale Anreicherung des 
Debenal im Lungengewebe zu bewirken und den Krenkheitsprozess auf 
diese Weise nachhaltiger zu beeinflussen. . 


So interessant diese experimentellen Ergebnisse auch sind, 
so lassen sie fir die Praxis nur vorsichtige Rickschltsse zu. 
Da die Sulfonamide im allgemeinen. schlecht_wasserl&slich sind und 
jnsbesonders das Debenal sich nur durch Zusatz von Netronlauge in 
genligender Menge lst, ist der Einwand nicht von der Hand gu 
weisen, dass solche alkalischen L&surigen, naventlich wenn sie in 
grossen Mengen und wiederholt inhaliert werden, Schidigungen im 
gesunden und krankhaft vernderten Lungengewebe erzeugen and. 
somit dem Heilungsproze§s in nachteilicer Weise beeinitlussen 
kénnten. 


Wir haben uns deshalb nach éiner agjderen Substans umgesehen, 
die diesen Nachtei] nicht besitzt und von der es mBglich ist, 
neutrale wissrige Lésungen in hbherer Konzentration herzustellen. 
- Unsere Wa hl fiel auf den Sulfathioharnstoff, der unter dem Namen 

Badional z.Zt. klinisch gepriift wird und bei verschiedenen 
bakteriellen Infektionen, insbesonders bei Lungenentztmdung, sich 
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therapeutisch als gut wirksam erwe’st und sich gleichzeitig durch 
eine besonders gute Vertrlglichkeit eauszeichnet. Das Badional . 
ist ein Sulfanilylthiocarbanid (Sulfathiocarbamid) und hat folgende 
chemische Konstitution: , 


- MH, 
Holl SOo-NH-C 
Ries 


Es ist ein weisses Pulver. Sein Molekulargewicht betrfgt 231.29, 
sein Schmelzpunkt 174-175°9C. Besonders hervorzu:cben ist die 

gute LUslichkeit in Wasser mit neutraler Reaktion (pH 6,8-",2). Sie 
betragt bei 20°C 547 mg/Ltr . Die Salze mit Alkalien in organischen 
Aminen sind besonders gut l18slich und zeigen praktisch neutrale 
Reaktion. In den zur Verfligung gestellten Ampullen liegt das 
Badional-bidthanolaminsalz vor. 1 ccm von Gteser Lésung ents- 
pricht 0,5 g Badional. 


Pharmakologisch wird die Substanz von Gewebe und Orgenisrus 
auszerorcentlich gut vertragen. Nach bisher univer#ffentlichen 
Feststellungen von Hecht liegen die akut toxischen Dosen von 
Badional in derselben Gréssenordnung wie die der bestvertrig- 
lichen Sulfonamidpriparate, z.B. vertragen Kaninchen oral 2 g/kg 
ohne St&rung im Befinden. Bemerkenswert ist aber die besonders 
gute Vertriglichkeit bei intrventser Injektion; auch bei dieser 
Verabreichung zeigen Kaninchen nach einer Gabe von 2 g/kg, inner- 
halb von 2 Min. in Form der 50%igen Lésung injiziert, keinerlei 
Symptome. Diese Lésung fihrt bei intramuskul#rer Injektion nicht zu- 
lokalen Schidigungen. Badional wird bei innerlicher Verabreichung 
beim Menschen rasch resorbiert. Bei Tagesdosen von 6 g wer‘en 
Blutkonzentrationen von etwa 5 mg % erreicht. Dabei befindet 
sich die gréssere Menge im Plasma und ganz thberwiegend in freier 
Form. Die Ausscheidung mit dem Harn beginnt ebenfalls sehr bald 
nach der Zufuhr, such im Harn liegt die ertssere Menge des 
Priparates in frejer Form vor {2/3-4/5). 


Als Modellversuch benutzten wir diesmal nur die von. G&nnert 
‘-beschriebene Bronchopneumonie der Maus. Wir halten Virusinfektion 
ftir unseren Zweck fiir besonders geeignet, weil es sich bei ihr 
um eine vorwiegend lokale, spezifische Pneumonie handelt, ohne 
dass die anderen Organe in Mitleidenschaft gezogen werden. Deshalb 
| ist sie auch einer experimentellen Pneumokokkeninfektion gegenthber 
’ als geeigneter anzusehen, bei der es zu einer akuten, tédlich 
_-verlaufenden Septikaemie kommt, die ohne makroskopisch wahrne- 
-hmbare lokale Erscheinungen abl¥uft. 


Auf die Technik der Versuchsanordnung braucht hier nur ganz 
kurz eingegangen zu werden, da sie bereits von Bock ausftthrlich 
beschrieben wurde. Stark virushaltige M&uselumgen werden mit 
physiologischer KochsalzlBsung verrieben unc von dieser Aufschwemmung, 
deren Konzentration je nach dem Virusgehalt det Liumge gewahlt 
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wird und die im allgemeinen 1:5 000 betrigt, erhalten die Tiere in 
Athernarkose 0,05 ccm intranasal instilliert. 2-3 Tage sp&teferkranken 
die iHWuse an der spezifischen Bronchopneumonie, der sie gewthnlich 
am 4.-5. Tage erliegen. Als Stichtag zur Beurteilung des thera- 
peutischen Effekts haben wir den 10. Tag nach der Infektion herang- 
ezogen. 


Um entsprechende Vergleichswerte zu erhalten, wear es zundchst 
notwendig, die Therapie dieser Viruspneumonie mit Badional auf 
subcutanem Wege durchzufthren. Zu diesem Zwack wurden die erkrankten 

M&use an 5 aufeinanderfolgenden Tagen 1 x t&glich mit Badional 
behandelt. Die erste Verabreichung fand 3 Stunden nach der Infek- 
tion statt,die 4 anderen folgten im Abstand von je 24 Stunden. 

Fir jede Dosis wurden 8 Tiere eingesetzt. Im Vergleich zu einer 
Reihe friher von uns gepriifter Sulfonamide erwies sich der Sulfath- 
ioharnstoff subcutan gegeben als wenig wirksam, denn selbst eben 
noch vertr&gliche Dozen von 1/25g/20g Maus liessen nur eine im allge- 
meinen geringe Beeinflussung des Infektionsverlaufes erkennen, 

uhd die H&lfte dieser Dosis, n&mlich 1/50g/20g Maus, war fast 
vollkomien wirkungslos. 


Im Gegensatz hierzu gelang es, durch Inhalation leicht 
Heilungen zu erzielen. Es wurden Dosen angewandt von 10 mg, 
5 mg und 1 mg/ltr., welche in einem 65 Liter fassenden Emaille- 
kessel versprtiht wurden. Die Versprfhung geschah, wie auch in 
frtheren Versuchen, mittels Druckluft aus einer Flury-Pistole, 
auf welche Weise eine besonders feine Vernebelung erzielt wer- 
den konnte. Die Substanzkonzentration wurde stets so gewkhit, 
dass die angewandten Dosen pro Liter Raum in 0,1 ccm unterge- 
bracht waren. So gelangten also in dem 65 Literkessel 6,5 ccm 
zur Verspriihung. Die Tiere wurden 30 Min. im vernebelten Milieu 
belassen. Wie aus der Tabelle hervorgeht, war eine einmalige 
Inhalation selbst in der grossen Dosis von 10 mg/ltr. wirkungs- 
los. Dagegen gelang es mit 3x5 mg/ltr. und 3x10 mg/ltr. deut- 
liche Einwirkungen und mit 5x10 mg/ltr. sichere Heilumegen zu 
erzielen. 


Tabelle 
Substanzmenge Inhalation | - gubcutane Injektion 
pro 20 g‘ Maus 
1/1500 1ximg/ltr./30 min.g 
1/1500 3xlmg/ltr./30 min.g 
1/1500 5xlmg/1tr./30- min.Sp.W.-¢ 
1/300 lxd5ng/ltr./30 min.g 
1/300 3x5mg/ltr./30 min.Sp.W.-W.H. 
1/300 5x5mg/1tr./30 min.Sp.W. 
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1/150 1xl0mg/1tr./30 min.g 


1/150 3x1Omg/1tr./30 min.Sp,W. 

1/1i0 5/lomg/1tr./30 min.W.H. 

1/100 5x 

1/50 5xf-Sp.Wi. 
1/25 5xSp.W.-W. i. 
1/10 1xtot 


Jeohne Wirkung 
Sp.W.--Spur Wirkung 
W.H.=Wirkung Heilung 


Um eine Erklurung ftir das gute Ergebnis der Inhalations- 
behandlung zu finden, erschien es ans notwendig, zuerst einmal 
zu berechnen, wieviel von der verspr&hten Substanz durch EHin- 
atmen in den Organismus der Miuse gelangt, und diese ilenge mit 
der nach Injektion aufgenommenen zu vergleichen. Diesen Wert 
einigermassen genau zu bestimmen, ist schwer, da sich bei der 
Berechnung eine Reihe von Fehlerquellen nicht ganze ausschliessen 
lassen. ks ist selbstverstlndlich, dass der Substanzverbrauch 
in der Luft von der Anzahl der Versuchstiere abhungig ist. Wir 
haben deshalb immer die gleiche Zahl von Mausen, n&mlich 14, 
eingesetzt. Ferner ist es nicht gleichgtiitig, ob die Tiere sich 
wihrend des Versuches in Ruhe oder Bewegung befinden, da an- 
gzunehmen ist, dass bei lebhafter kérperlicher Bet&tigung auch 
erbssere Substanzmengen aufgenommen werden. In der Regel laufen 
die Tiere in den ersten 5 bis 10 Minuten ziemlich lebhaft umher, 
beruhigen sich aber allm4hlich und kauern dann meistens in 
einer Ecke des Kifics zusammen. Hierbei wird es vorkommen, dass 
die unten sitzenden Tiere eine Luft einatmen, die entweder st&r- 
ker oder schwicher mit der Substanz gesHttigt ist als im Ubri- 
gen Raum, Auch ist nicht zu verhindern, dass die Tiere durch 
Ablecken der aye Gem Fell niederreschlagenen Substanz zus&tzlich 
noch eine geringesralit. Zu Ahnlighen Schlussfolgerungen sind auch 
Harris, Somer und Shapnie bei der Berschnung ihrer Ergebn: sse 
gekommen. Wir glauben, im allgemeinen doch zu recht brauchbaren 
Resultaten gelangt zu sein. 


_ Die bei der Inhalation aufgenommene Substanzmenge haben wir 
such diesmal in folgender Weise aus dem Atemvolumen der IBuse 
wihrend der Versuchazeit und aus der Menge des verspriihten 
Priparates errechnet. Unter Zugrundelegung des von Blune flr die 
weisse Maus angecebenen durchschnittlichen Atemvolumens von 
0.3 cem setzten wir als Atemfrequenz den Wert von 150/min. ein, 
was einem Volumen von 45 cem/min. und von 1/35 ltr./30min. ent- 
spricht. Bei einer versprtihten Substanzmenge von 1 mg/ltr. und 
bei gleichbleibender Konzentration wahrend der Versuchszeit 
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wirden also etwa. 1,35 mg von dem Prdparat aufgenommen werden. 
Da aber die in den Kiéfig ecingebrachte Konzentration mit vor- 
riickender Zeit abnimmt, weil sich die Substanz an den Wanden 
und am Boden des Geflsses sowie am Fell der Tiere absetzt und 
ausserden mit der Atemluft verbraucht wird, haben wir angenommen, 
dasse die von den Tieren eingeatmetet Substanzmenge etwa nur dig 
H&lfte, n¥mlich 0,65 mg, entspricht. Nach Umrechnung kamen wir 
deshalb zu folgenden Werten: 


Eine Inhalation von 1 mg/ltr./30 min. entspricht einer sub- 
cutanen Injektion von etwa 1/1500 g/20 g Maus, eine Inhalation 
von 5 mg/Itr/30 min. einer von 1/300 g/20 g Maus und eine von 
10 mg/ltr/30 min. der einer von 1/150 g/20 g Maus. Auf der 
Tabelle lassen diese errechneten Werte, verglichen mit den 
Injektionsdosen, erkennen, dass die therapeutischen Dosen nach 
Inhalation sehr viel niedriger liegen als cie nach subcutaner 
Verabreichung. Selbet wenn wir auf Grund nicht gentigender Be- 
riicksichtigung der Fehlerquellen zu falschen, in diesen Falle 
viel zu niedrigen Werten gekommen wiren, so wife sogar bei einer 
Verdoppelung der errechneten Werte ein offensichtlicher Verteil 
der Inhalationsbehandlung herauszulesen. 


Zu Uhnlichen Feststellungen gelangten auch Mooger und 
Leemann (1943). Wenn awar wegen der verschiedenen Methodik die 
Ergebnisse ihrer Versuche sich nicht direkt mit den ungrigen 
vergleichen lassen, so sind doch die Schlussfolgerungen die- 
selben, dass n§mlich bei Inhalationsbehandlung der Broncho~ 
pneumonie der Maus durch direkte Einwirkung der Pruparate auf 
das im Lungengewebe angesiedelte Virus bessere Resultate zu 
erzielen sind als auf dem Umwege tiber die Bluthahn nach per- 
oraler bzw. parenteraler Verabreichung. 


Eine Erklurung fr diese Wherlegenheit der Inhalations- 
behandlung 14sst sich nur geben, wenn wir annehmen, dass es in 
den \ifuselungen nach Einstmung des Sulfathioharnstoffs zu einer 
Anreicherung des Medikaments im erkrankten Lungengewebe und 
somit gu einer lokalen Einwirkung auf den Erkrankungsherd kommt. 
Um diese Annahne gu erhlrten, ffihrten wir eine Reihe von 
Bacionalbestimmungen im Blut und Lungengewebe der MMuse durch. 


Die Bestimmungen wurden nach der Methode von Druey und 
Oesterheld angesetzt und die Resultate am Pulfrich'schen Stufen- 
photometer abgelesen. Fir die Ermittlung eines jeden einzelnen 
Wertes wurde das Blut baw. der Lungenbrei von 3-4 MMusen be- 
nutzt. Da es bei der Substanzbestimmung im Gewebe auch bei vél- 
liger Entblutung der Tiere praktisch nicht méglich ist, die 
Organe blutfrei gu erhalten, haben wir die jeweils vorhandene 
Himoglobin- bzw. Blutmenge festgestellt und diesen Wert in An- 
rechnung gebracht. Wie aus der Kurve 1 hervergeht, erreichen 
die Blutwerke nach pe seers bereits nach 1/2 Stunde 
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ihren Héhepunkt, um denn im Verlauf von etwa 1 Stunde bis auf 
einen Rest sturk abzufallen, der anschliessend sehr langsam 
vOllig abgebaut bzw. auggeschieden wird. Offenbar wira bei. 
hoher Blutkonzentration ein Teil des Badional von dem Cewebe 
der Crgane aufgenommen, der dann langsam wiecer ijn den Freis- 
lauf abgegeben wird und so den flacheren Abfall der Kurve be- 
dingt. 


Wird Sulfathioharnstoff dazegen von den M¥usen inheliert, 
go ist der Verlauf der Blutkonzentrationskurve zu Beginn ein 
villig anderer (Kurve 2). Hier erreicht die Bacioralkonzen- 
tration ihr Maximum 1 Stunde nach Ende der Inhalation, alsc 
1 1/2 Stunden nach Beginn der Substanzaufnahne. Die absoluten 
Werte sind hier bei ann&hernd gleichen Mengen der sube. aufge- 
nommenen und der jinhalierten Substanz wasentlich niedrger. 
4hnlich wie nach subcutaner Injektion sint die Elutkonzen- 
tration in den n&chsten 5 Stunden weiter ab. Sie hit sich dann 
aber lungere Zeit auf e’ner cewissen H&he, so dass sich noch 
nach 24 Stunden ein Rest, der aber verh&ltnism&ssig gering ist, 
nachweisen 14sst. Gleichzeitig vorgenommene Badionalbestim- 
mungen im Lungengewebe ercaben, dass hier deg Werte zu Beginn 
sehr viel h&ner liecen als die im Blut - in der Regel etwa 
2 mal so hoch - uz dann abzusiniken und sich nech 1 Stunde un- 
sefhr in cleicher Ethe mit diesen zu tefinden. Seide Kurven 
laufer Gann pearellel zueinander, wobei die Lungengewebswerte 
stUndig ein wenig hther als cie Blutwerte liegen. 


Wir ziehen aus diesen Ergebnissen den Schluss, dass das 
Badional vom Lungengewebe bei der Inhalation zundchst in grossen 
Mengen eufgenommen und im Laufe der folgenden Stunden stBndig 
ins Blut abgegeben wird. Wichtig erscheint uns, dass die Kon- 
gentratiocen in der Lunce stets hbher sind ais die im Blut. 

Es ist wahrscheinlich, dass das Lungengewere in besonceren 
Masse bef¥htct ist, das Eacional aufzumehman und im zewissen 
Sinne zu speichern. Wir gehen hier wohl nicht fehl, wenn wir 
glauben, dass die von uns erzielten guten Heilwirkungen auf 
eine direkte, lokale Eeeinflussung des Krankheitsprozesses 
aliruckguftthren sind, zumal der Erroeger im voriiegenden Felle 
sich im Lungengewege anSiedelt und vermehrt. 


Nach subcutaner Injektion von Badional bei der Maus lag, 

wie nicht anders zu erwarten war, cie Blutkonzentration wesent- 
lich-héher als diejenige im Lungengewebe. Bei gleichzeitig 
durchceftthrten Bestinmungen in Leber, Milz und Gehirr zeigte 
sich, dass hier relativ wenig Substanz verhanden war und dass 
die Kongnetrationen noch unter denen in der Lunge blieben. Es 
‘hat also offenbar das Lungencewebe ttherhaupt die Fuhigke?t 

in erhthtem “Masse Bedional aufzunehmen. 


1 
ear Ww 


Die von Bock bei der Inhalationsbehandlung mit Debenal 
erhobenen Befunde konuten somit nicht nér bestitigt, sondern 
in gewisser Weise sogar néch tbertroffen werden, Bei einer 
parenteralen Applikation bewirkt der Sulfathioharnstoff zwar 
eine voriibergehende héhere Konzentration im Blut, die anschei- 
nend jedoch nicht auereicht, auch im erkrankten Gewebe eine 
fiir die Beeinflussung des Krankheitsprozesses notwendige hohe 
Gewebskonzentration zu erzielen. Wird dagegen das Badional in 
gentigender Menge mit der Atemluft in die lLunge gebracht, so 
kommt és, wie wir gezeigt haben, gu einer gewissen Anreicherung. 


eréssere ist als die Blutkonzentration. Hs ist sogar anzunehmen, 
dass diesses Verhéltais flr die Lungenkonzentration vorlibergehend 


noch wesentlich gimstiger liegst. Wie oben beschrieben, wurden 
unsere therapeutischen Inhalationsversuch® stets ftir die Dauer 
von 1/2 Stunde durchgefllhrt und dementsprechend auch die Ver- 
sprithungen, oie den Substanzbesti:mungen im Blut und Gewebe vor- 
ausgingen, eingerichtet. Sicherlich ist aber die Substanzkonzen- 
tration im K#fig dinekt nach der Vernebelung wesentlich hther 

als nach der Versuchszeit von 1/2 Stunde, in der ein Teil des 
Therapeuticums mt der Ateff-luft verbraucht wurde oder nicht 
niederveschlagen hat. ian mtisste daher auch erwarten, dass die 
Substanzkonzentration in den Lungen dann schon ihrer Héhepunkt 
Wberschritten hat, weil bereits ein Teil der Substanz an das 
Blut abgeveben wurde. Hine Best&tigung dieser Annahme erbrachten 
Versuche, in denen MBuse nur 10 oder 15 Minuten in dems vernebel- 
ten Eifig belacsen und sofort nach Ablauf dieser Zeit getBtet 
wurden, Bei den folgenden Substanz bestimmungen tibertraf die 
Lungenkonzentration die Blutkonzentration etwa um das 3 fache 

und lag h&her als in den Versuchen, in denen die Inhalation 

auf 30 Minuten ausgedehnt war. 


Wlakroskopische Ver¥ndefungen im Lunsengewebe der MBuse, die 
auf Badionalinhalation zurlhckgefthrt werden kénnten, wurden 
von uns in keinenm Fall beobachtet. obwonl wir eine gross An- 
gah! von Tieren sezierten, die entweder 3 mal in ktirseren &b- 
stinden oder j@ 1 mal an 4 aufeinanderfoligenden Tagen im Ver- _ 
such waren und gu verschiedenen Zeiten bis zu 24 Stunden danach 
abgetttet wurden. 


Diese experimentellen Ergebnisse lassen die Schlussfolgerung 
zu, dass die Inhalationsbehandlung such bei Pneumonien des Man- 
schen Aussicht auf Ervolg het. Da beim kranken Menschen die Ver- 
hHltnisse Bhnltch liesen wie in unserem Testversuch, so wire 
auch hier bei der Inhalation mit der gleichen Substanzmenge 
cine etwas intensivere Behandlung mbglich als bei der sonst thb- 
lichen Therap*e baw. whrde eine Reduzierung der Dosen ebenfells 
gun gleichen Erfolg fihhren, was den Vorteil hatte, einer etwai- 
gen toxischen Schdigung durch das iedikament wirk@ngsvell ant- 
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gegenzutren. Hierfltr scheint uns das Badional auf Grund seiner 
L&slichkeit, seiner guten Vertruglichkeit und se*ner bakteri- 
ziden Wirkung insbesondere gegen Pneumococcen hervorragend ge- 
eignet zu sein, (nach den klinischen Erfahrungen besitat Badio- 
nal, sofern es in massive Dosiermg intravents angewanat wird, 
gegentiber der Pneumonie zumindest den gleichen Effekt wie 
Eleudron) um so mehr, als Inhalationsversuche mit Sulfonamiden 
von anderer Seite bereits zu guten Ergebnissen geflttht haben 
(Bosse, Franke,Bass,Castex u. Mitarbeiter). 


Badional (Sulfathioharnstoff) ist eine gut vertrigliche 
Substanz, die sich bei verschiedenen Infektionen des iienschen, 
vor allem bei der Pneumonie, als gut wirksam erwies. In unserem 
Modellversuch mit dem Yirus der Bronchopneumonie der weissen 
Maus, das vorwiegend eine spezifische Pneumonie verursacht, erwiess 
sich die Inhalationstherapie mit Badional der subcutanen Verab- 
reichung tiberlegen, da es, wie wir nachweisen konnten, zu einer 
voriibergehenden Substanzenreicherung im Lungengewebe unc somit 
zu einer intensiven Einwirkung der Substanz auf dén Erkrankungs- 
herd kommt. Es erscheint uns daher aussichtsreich, auch bei an 
einer Pheumonie erkrankten ilenschen die Inhalationsbehandlung 
anzuwenden,. 
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APPENDIX 3 
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Von Dr. Gerhard Hecht. 


Jeder grossere Blutverlust erfordert gebigterisch Ersatz des Verlore- 
nen. Diese einfache und einieuchtende Tsatsache ist heute Allegvein- 
gut. Die ausserordentliche Zunahne der Bluttl' ertragungen in den 
letzten Jahrzehnten ist such dem Leien bekannt. 


Schon ver Jahrhunderten versucht, musste man frither diese ilassnahne, 


von der instinktiv Lebenarettung erwartet wurde, immer wieder aufge- 


ben, bis man die bakteriologischen und ver allem serologischen Be- 
dingungen erkannte, unter denen tbertragenes Blut bein Empflnger 
kein Unheil anrichtet. Restlos sind sie, nebenbei bemerkt, offenkar 
noch nicht bekannt, denn immer noch ist keine sichere Ausschaltung 
von leichteren bis lebensgef¥nrlichen Nebenwirkungen bei Blutthbert- 
ragungen gewidhrleistet. 


Aber nicht diesses - dauernd geringer werdende-Risiko ist es, was 

_ Gie Bluttlbertragung unter den besonderen Verhaltnissen des Krieges 
belastet, sondern die technische Seite der Operation. Im friedens- 
missigen Klinikbetrieb ist sie heute kein Problem mehr, wohl aber 
unter Feldverhfltnissen. Die erfordert 4rztliches Personal und ~ 
Spender, beides ist gerade bei Anfall grtsserer Verwundetenzahlen 
tiberbeansprucht. Konserviertes Blut, auf dessen Haltbarmachung 
unendliche Mithe verwandt ist, ist keine durchgreifende Hilfe, seine 
Verwendbarkeit z&hlt wenige fisches unc Gas nur, wenn as kithl gela- 
gert und transportiert wird. 


Wer diese Dinge tiberseah, konnte voraussehen, dass der neve Krieg 
erneut die Fruge aufwerfen wirde, komst man nicht auch mit einem 
Ersatz des verlorenen Blutes durch etwas anderes aus? 


Die Analyse der Vorgiinge bei der akuten Verblutung hat ergeben, 
dass die Urssche des Zusammenbruchs zun&chst nftht der Verlust irg- 
endwelcher spezifischer Bestandteile das Blutes ist, sondern die 
mangelhafte Fullung des Gefissystems. Seine Auffiillung mit einer 
indifferenten Flilissigkeit, etwa einer physiologischen Salzidsung, 
ist zunchst immer eine Hilfe. Aber sie ist von kurzer Dauer. 

Eine solche Fissigkeit sickert rasch in die Gewebe ab, und der 
Kreislauf bricht wieder zusammen. 


Der Anteil des Blutes, auf den man am ehesten verzichten kann, sind 

die Erythrozyten. Der akut Ausgeblutete hat, im Gegensatz zum 
ehronischen Bluter, fast immer noch ausreichend Brythrozyten 

im Vorrat, um seinen 0o-Transportbedlirfnissen. an die ja garkeine 

besonderen Anforderungen gestellt werden, zu gentlgen. Von €ryth- 

rozyten befreites Blut - Plasma oder Serum = hat nun aber viel 

gtnstigere Haltbarkeitseigenschaften als Gegamtblut. Wichtiger 

ist aber, dass es in der Deuerhafticke } 
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rasch wieder aus der Blutbahn schwindet. 


Starling lehrte, dass das Verweilen des LUsungswassers, der Bestand 

an Fltissigkeit in der Blutbahn eine kolloidosmotische Funktion des 
Plasmaeiweiss ist. Sicherlich ist das nicht die einzige Funktion der 
6-8 % Eiwweiss, die in Blutwasser gelBst sind, aber im Rahmen derBe- 
trachtung des akuten Blutverlustes steht sie an erster Stelle. Es 

muss nicht nur die verlorene Fitissigkeit ersetzt werden, sondern auch 
die Vorbedingung fir ihr Verhleiben in der Blutbahn mit erfflt werden. 
Und das gelingt mit der Transfusion von Blutplasma oder Serum. 


Die Literatur der angels&chsischen Lander liess bereits vor 1939 er- 
kennen, dass dert dieses Problem in lebhafter Entwicklung war. Bel 
uns aber fehlte damals eine ausreichende Vorarbeit auf diesem Gebiete. 
Ingwischen ist durch die Initiative von Lang auch beim deutschen Heer 
die Bereitstellung konservierten Serums in grossem Ilasstabe in die 
Wege geleitet worden. Im Anfang des jetzigen Krieges aberr war. noch 
nicht zu fbersehen, wieweit diese -M&glichkeit den praktischen Erfor- 
dernissen gerecht werden kénnte. . Dieser Stand der Dinge. erforderte ge- 
bieterisch, auch jeden anderen denkberen lieg zur Schaffung eines 
durchereifend wirksamen Blutersatzes einzuschlagen. Das veranlasste 
Weese nach einem Kolloid Umschau au halten, das geeignet sein sollte, 
in einer physiologischen Salzl§Jsung die wasserbindende Fuktion der 
Plasnaegwepssktxcper gu tibernehmen, wadiéserteinen dauerhaften thera- 
peutischen Effekt zu verleihen. Das damit eine Aussicht. auf Erfolg 
newteaihe war nicht mehr zweifelhaft, nachdem im vorigen Kriege Bay- 
liss, vor dem gleichen Problem stehend, im Guumi arabicum ein Kolloid 
gefunden hatte, das den erwarteten Effekt durchaus besass. Das 
Problem bestand also jetzt darin, ein Kolloid zu finden, das in 
Deutschland unter Kriegsverhaltni ssen in ausreichender Menge und 
Beschaffenheit zur Verfligung gestellt werden konnte. Das Gumni 
arabicum musste als gubtropischer Rohstoff also schon-: susscheiden, — 
ganz abgesehen davon, dass die Frage seiner Unschddlichkeit noch der 
vélligen Kli¥rung harrte. D:s Problem war auch von anderen Seiten 
in Angriff genommen, es wurde erneut versucht, Tierblut zu prdpate- 
ren, dass es ffir mefischlichen Blutersatz geeiguet wirde, ja man kan 
auf den s@ltsamen Gedanken, Haemoglobin als das ben&tigte Kolloid 
zu verwenden, 


Weesesldee war, die synthetische Chemie einzuschalten, unter den 
zahlreichen synthetischen hochpolymeren Verbindungen, die bei den 
Arbeiten ber Kautschuk, Lack, Kunstseide und Kunst stoffverbindungen 
gewonnen waren, ein geeignetes herauszufinden. Sie werden mir zugeben, 
dass das eine recht kiihne Idee war, gerade dem Biweisschemiker ist die 
einzigartige Sonderstellung der Biweissktrper in ihrer spezifischen 
chemischen und physiologischen Struktur so gelBifig, dass ihm die 
Méglichkeit, sie in ihrer Funktion durch ein synthetisches Kolloid 
vertreten zu Lassen, zun&chst eine Ungeheuverlichkeit zu zein scheint. 
Demgegentiber ist aber gleich daran zu erinnern, dass ihre Vertret-= ° 
barkeit ¢urch Gummi arabicum bereits als erwiesen angesseéhen werden 


konnte, und das Gummi arabicum hat um Biweiss keine nihere Verwandt- 
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schaft, als ein synthetischer Kérper, ich werde noch zeigen, dass 
das Umgekehrte gilt. 


Ich mBchte nun fibergehen, welche Verbindungen wir damals alle auf 
ihre Eignung gepriift haben und nur kurz andeuten, wie die Priifung 

der zur Auswahl gestandenen Kérper durchgefthrt wurde. Nattrlich mu- 
ssten sie wasserlBslich sein. Da es im allgemeinen nicht das Zéé@l 
der auf einschligigen Gebieten t&tigen Synthetiker war, wasserlés- 
liche Verbindungen zu gewinnen, war die Auswahl unter den bereits 
hergeStellten Verbindungen nicht tlberm&sswig gross, und engte sich 
noch weiter ein, als sie auf ihre Wechselwirkungen mit den in 
physiologischen L&ésungen notwendig enthaltenen Salzen gepriift wurden: 
viele von ihnen bildeten u.B. unl&sliche Kalksalze. Denn kam 

die wichtigste Forderung in Sinne des primug non nocere: ihre 
anstandslos Vertriglichkeit bei intraventser Injektion grtésster Dosen. 
Dann erst kam die kolloidchemische Seite: Der kolloidosmotische Druck 
uusste gréssenordnungsm&ssig zu dem des Plassweiweissen passen und 
schliesslich der Tierversuch mit einem grésseren Blutverlust des Leben 
retten, als es die kolloidfreie Salzltésung es tut. : 


In dieser Weise kamen wir zur Auswahl eines bestimaten Kolloides, 
des *"Kollidons", das in geeigneter Salzlésung gel¥st unter der Be- 
zeiclyng "Periston"® dann klinisch gepr&ft und geit 3 Jahren in nun- 
mehr hunderttausenden von Fallen bein aktisch benutzt worden 

ist. Wher den klinischen Erfolg nur einige ganz kurze Angaben: Zu- 
nichst ist die Vertriglichkeit ber allem Zweifel erhaben, ausser 
ganz vereinzeltn Fallen von Fieberre¥ktion - unendliche viel seltener 
als nach Blut- oder Seruntransfusionen - sind ums keine flr das Pré- 
parat spezifischen Nebenwirkungen gemeldet worden. Und tlber den Ef- 
fekt liegen neben kiihlen und reservierten, in der -‘ehrzahl absolut 
positive Berichte von kriegschirurgischer Seite vor. Daneben wird in 
heimischen Kliniken, selbst dort also, wo die Bluttransfusion 

mélich wire, vicl Periston benutzt, si¢herlich wire es noch viel 
mehr, wenn die Produktion nicht von der Seite der Glasampullen her 
hinter den Anforderungen zurtickbliebe. 


An dieser Stelle méchte ich es als meine AuBggbe-ansehen, Sie mit 

_ einigen Eigenachaften dieses Kolloides bekannt zu machen. Es ist 
in dem von Herrn Dr. Reppe geleiteten I.G. Laboratorium in Ludwigs- 
hafen erfunden worden. Nach einer von Reppe entwickelten Synthese 
wird N-Vinylpyrrolicon 
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hergestellt und dieses der Polynerisation unterworfen. So entsteht 
das "Polyvinyipyrrolidon", das also @ine kettenftrmige Verkntp- 
fung von Einheiten der Struktur 
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darstellt. Wie Sie sehen, enth¥lt es Sfureamidgruppen. Wir vermuten, 
dass dieser Punkt fir einige seiner Eigenschaften bedeutsam ist. Die- 
ses Kolliden f¥11t fabrikatorisch als glasiges Har@ an, das sich zu 
einem weissen Pulver mahlen ldsst. Es 1Bst sich, ausser in Wasser, 
auch in vielen organischen Lésungssmitteln, besonders in Chloroform, 
unléslich ist es in Aether. Durch Zugabe von Aether au einer Lésung 
in Chloroform wird es zur Ausf&llung gebracht. Bemerkenswert ist sei- 
ne Verteilung zwischen Wasser und Chloroform. Durch Ausschittelungs- 
versuche l¥sst sich zwar hier das Gleichgewicht nicht ernitteln, 

weil sich bein Schfitteln hoffnungslose Exulsionen bilden. UWbersch- 
ichtet man aber eine L&ésimg von Kollidon in Chloroform vorsichtig 
mit Wasser, so tritt das Kolloid in erztaumlich kurzer Zeit und 
vollst'ndig in die wissrige Phase thber, seine hydrophilen Eigen- 
schaften iberwiegen also, es ist unmbglich, es aus wWissriger L&sung 
mit L&sungsmitteln zu extrahieren, was flr die Analysenverfahren sehr 
bedauerlich ist. 


Das Koliidon ist in wassriger L&sung recht best¥ndig, z.B. ver&ndert 
es sich durch langeres Kochen nicht. Das ist eine wichtige Voraus- 
setzung ftir die einwandfreie Sterilisierbarkeit der damit hergestell- 
ten Blutersatzfillssigkeit Periston. Aber selbst Kochen in mineral- 
saurer L&sung ergibt keine erkennbare Verinderung. Etwas anders ist 
es bei der Binwirkung von Alkali. Kochen in schwachem Alkali ftthrt 
bereits zu einer Viskositdtszunahme, starkes Alkali fthrt zur schlei- 
migen Ausf¥llung eines nicht mehr wasserlolichen Produktes. Chemisch 
sind diese Veranderungen noch nicht aufgeklirt. 


Das Kollidon ist eine elektroneutrale, undissozierte Verbindung. Das 
ergibt nicht nur die Konstitutionsformel, sondern auch die elektro- 
metrische Titration. Letztere ftérdert die gleichen Werte wie Wasser 
gutage, es ist keinerlei Pufferwirkung vorhanden. Hierin liegt phy- 
giko-chemisch wohl die stdrkste Abweichung vom Eiweiss. 


Kollidon ist gegen eine ganze Anzahl von Eiweissf&llungsmitteln ia- 
different, so z.B. gegen Mineralsfluren, Sulfosalicyls&ure, p-Toluol- 
sulfosfure, Uranylacetat, Alkohol. Wit anderen 1&sst es sich aus- 
fllen, in erster Linie mit TrichloressigsBure, auch mit einigen 
'Mdneralsalzen, z.B. Natriumsulfat (Bennhold), von dem Konzentrat- 


jonen von 9 % an fllend wirken. Hierbei ist eigenttimlich, dass sich 
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die zunf&chst suftretende Triibung nicht als feste Flockung abscheidet, 
sondern als konzentrierte flissige Phase. Beide F&llungen sind 
vollstandig reversibel. 


Das Kollidon zeigt mancherlei bemerkenswerte Schutzkolloideffekte. 
Ich berichte nur einen Versuch, der flr das folgende wichtig und 
sehr eindrucksvell ist. Bekannt ist die ausserordentlich intensive 
StrOmungsdoppelbrechung des Benzopurpirin 4 B in wissriger LBsung von 
_ geringem Salzgehalt. Fiigt man zh einer selchen Mischunggekreuzten 

Nicols bewegten und hell strahlenden L&sung ein wenig Kollidon hinzu, 
so ist die Doppelbrechung momentan ausgel&scht, die Kristallst&b- 
chen zerfallen, vermutlich molekular. 


Nat§rlich ist ngh eine ganze Reihe von Bigenschaften des Kolldions 
von Polymerisationsgrad bezw. Molekulargewicht abh¥ngig. Die Poly- 
merisation 1¥sst eich so leiten, dass Produkte von gewlinschter, ver- 
schiedener Kettenlinge erhalten werden, aber, wie stets bei synthetige 
cher Kettenlinge. Es f¥llit stets als Gemisch Verdgohiedener, um 
einen verBnderlichen Mittelwert schwankender Molektilgréssen an. Das 
praktisch benutzte Produkt hat nach Messungen mit Ultrazentrifuge 
und nach seines osmotischen Druck ein mittleres Molekulargewicht 
von 25000-500000. Da alle diese Messungen bestimme, aber etwas 
unsichere dnnahmen fiber die Teilchengestalt und Bhnliches zur Voraug- 
setzung haben, lassen sich genaue Werte noch nicht angeben. Dagegen 
ist es einfach, die Gleichm&ssigkeit des Produktes zu Uberwachen. 

Das Norm dafttr ist die Viskositat. Eine etwa 3 Yige Kollidonl§sung 
hat diesebbe Viskosita@t wie das Blutplasma. 


Zur Messung des kolloidosmotischen Druckes von KollidonlBsungen be- 
nutzen wir das sog. Onkemeter nach Hepp. Diese Messungen zeigen 
egeniiber der einfachen und raschen Messbarkeit des Druckes der Blut- 
Siweisskrper bemerkenswerte Schwierigkeiten: Die Einstellumg eines 
konstanten Druckniveaus bei Verwendung eiweissdichter Membranen ist 
verzégert, zudem istcdie Konstanz nicht immer flr lange Beobach- 
tungszeiten gewihrleistet, meist zeigt sich nach Stunden wieder 
eine sinkende Tendenz. Wir michtendies auf die Polydispersitat sur- 
ickffhren. Eben eiweissdichte Membranen sind ftr die kleineren 
Molekitle eben noch durchlassig, aber doch schen sehr langsarfy, 
ss die Gleichgewichtseinstellung sehr verz¥gert ist. Men kann 
auch daran denken, dass die Fadenmolektile sich langsam durch die 
Por@én hindurchschlangeln. Diese Dinge machén die Druckmessung 
etwas unerfreulich, und die Werte sind nicht innerhalb der engen 
Grenzen reproduzierbar wie diejenigen des Serums, sodern nur etwa 
innerhalb + 10 @. 


Im Durchschmitt unserer sehr zahlreichen Messungen ergibt eine 2.5 

% ige KollidonlBssung einen Druck von 300, die 3.5 Sige einen solchen 
von 400 mm H20. Wir kénnen also sagen, dass die 3 tige LBsung 
ebenso wie in der Viskosit&t auch im osmotischen Druck mit dem 
Blutplasma tbereinstimat. Wbhrigens wird dieser Druck, in Gegensatz 
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gu den Verb¥ltnissen bei Gummi arabicum, von geringen Salzgehalten 
der Lésungen garnicht beeinflusst. 


In Laboratorium ist es m&glich, das Kolliden in Fraktionen verschie- 
dener Molekulargrésse zu zerlegen, man kaan dazu verschiedene der 
genannten Fallungsreaktionen benutzen, etwa die mit Aether aus Ltbs- 
ungen in Chloroform oder am besten die fraktionierte Ausf&llung 

mit Natriumsalfat aus wissriger L&sung und Befreiung der Fraktionen 
von Natriumsulfat mit Elektrodialyse. Die Abb. zeigt die Abh4&ngig- 
keit von Viskosit&t und osmotischen Druck so gewonnener Fraktionen 
von der jeweils f¥llenden NagSOg~- Konzentration. Auf die biologis- 
chen Unterschiede der Fraktionen wird zurfickzukommen sein. 


Wir kommen nun zu dem Verhalten dieses Kérpers in der Blutbahn. Dass 
er bei intraventser Zufuhr sehr vertr&glich ist, war, wie gesagt, 
eine der Voraussetzungen ftir seine Auswahl. Die blichen Versuchst- 
jiere vertragen bis zu 8 g/kg. Was sich ereignet, wenn man mehr gibt, 
kann man zuden weniger als eine Folge einer spezifischen Toxicitut, 
als vidmehr als solche der notwendig damit verbundenen physikalischen 
StBrungen des Wasserhaushaltes ansehen: es kommt zu einer gewaltigen 
hydraemischen Plethora und in deren Gefolge zu Lungenoedem 


Es muss aber erwaéhnt werden, dass der weitgehenden Unempfindlichkeit 
der meisten Versuchstiere eine eigenartige Empfindlichkeit einer 
spezielen Tierart gegeniibersteht, die des Hundes. Dieses Tier zeigt 
schon bei kleinen Dosen eine KollapSneigung mit Blutdruckabfall, 
deren Wesen recht unklar ist und noch r&tselhafter wird durch die 
gesetzm§ssige Eracheinung, das dies Tier nach eingaligem Uberstehen 
dieser Reaktion dann flr nachfolgende, selbSt viel gréssere Dosen, 
genau so unempfindlich ist, wie andere Tiere. Das erinnert an die 
Desensibilisiefung bei der Anaphylaxie. UWbrigens ist aus der Literatur 
Bhaliches Verhalten des Hundes gegentiber anderen Kolloicen, selbst 
gegentiber arteigenen Serum bekanat. Dieses abweichende Verhalten des 
Hundes hat aber fir die Anwendung beim Menschen keinerlei Bedeutung: 
Unter Hunderttausenden von Infusionen ist hier eine &hnliche Reaktion 
nie beobachtet worden. 


Die erwartete Leistung des Kollidon sollte in erster Linie die 
Wasserbindung in der Blutbahn sein. Zum Nachweis dieser Leistung 
eignet sich in einfachster und &bersichtlichster Weise der Durch- 
strémungsversuch am L&wen-Trendelenburg'schen Froschpr&parat. 
Wefden die Gewebe des Frogches von der Bluthahn aus mit eiweiss- 
_ freier Ringerl&ésung durchstrémt, so quellen sie langsam auf, es 
- ergibt sich ein Oedem, messbar an der Gewichtszunahne des Prioarates, 
 enth¥lt die durchstrémende L&sung aber Kollidon, so kann die 
 Gewichtsabnahme abcestoppt warden, bei hohen Konzentrationen kann 
sogar eine Gewichtsabnahme erreicht werden, weil das Kelloid das 
Quellungswasser aus den Geweben in die Blutbahn zuriticksaugt. 


| Bei der Verblutung geht es um Tod und Leben. VDargqus ergibt sich 

als letzten Endes entscheidender Masstab flr die LeistungsfShigkeit 
eines Blutersatznittels der Rettumgsversuch des stark auggebluteten 
Versucnstieres. 
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Die Leistungen des Periston in solchen Versuchen im Vergleich zu 
anderen Blutersatzfltissigkeiten gehen aus den Abbildungen hervor. 


Mit diesen kurzen Hinweisen auf die therapeutische Seite des 
Peristons méchte ich mich begntigen und sich nun der Frage nach 
dem Schicksal des Kollidong im Organismus zuwenden. Es ist uns 
gelungen, Verfahren zur quantitativen Bestimmung des Kollidons im 
Blut, in den Géweben und im Harn auszuarbeiten, mit, deren Hilfe 
sich folgendes Bild ergeben hat; ein grosser Teil des Kolloides 
verlisst die Blutbahn sehr rasch wieder in den ersten Stunden nach 
der Infusion. Parallel mit diesem Abfall der Blutkonzentration 
geht eine Ausscheidung beachtlicher Mengen mit dem Harm. Wir 
missen annehmen, dass diese Vorg8nge eine Art Fraktionierung 
jm Organismus vorstellen: Am ersten werden die niederpolymeren 
Anteile die Blutbahn verlassen und ausgeschieden werden. Diese 
Auffassung wird durch folgenden Versuch belest: Stellt man 
sich, wie vorher besohrieben, Fraktionen her und verfolgt deren Har- 
nausscheidung beim Kaninchen nach intravenbser Infusion, so zeigt 
sich, dass von den niedersten Fraktionen etwa 50% in Harn der 
ersten 2g%-Stunden wiedererscheinen, von den h&échsten aber praktisch 
garnichts mehr. Von dem praktisch benutzten unfraktionierten 
Kolloid werden etwa 20% wiedergefunden, das trifft auch beim 
Menschen gu. Am 2. Tage findet sich meist noch eine ganz ‘kleine 
Menge im Harn, damit ist aber die Ausscheidung des unverdnderten 
Kolloids dann beendet. Der Abfall der Blutkonzentration ist aber 
st¥rker, als allein durch die Ausscheidung des Kolloides in Harn zu 
deuten ware, sie ist nach 24 Stunden stets schon auf weniger als die 
H¥lfte gesunken. Der weitere Abfall geht dann immer langsamer, 
noch nach 3 Wochen konnten wir eben noch quantitativ fassbare 
Mengen ermitteln, letzte Spuren mégen sich noch wesentlich langer 
halten. - Was ist mit dem aus dem Blute geschwundenen, aber nich 
im Harm wiedererschienenen Kolloid geschehen? Zwei MBglichkeiten 
sind zu erértern: Speicherung in Organen und chemischer Abbau. 
Unsere Organanalysen haben ergeben, dass sich das Kollidon ziemlich 
gleichmfssig ber die Organe verteilt, spezifische Speicherungen 
haben sich nicht nachweisen lassen. Auch mit histologischer Meth- 
odik sind keine Anzeichen fir eine Dauer speicherung des Kolloides 
zu fassen (Heimlein). Nach 3-4 Wochen ist, wié in Blut, auch 
din den Organen kein Kollidon mehr vorhanden. Es bleibt also nichts 
anderes brig, als anzunehmen, cass es chemisch abgebaut worden ist. 
Ein direkter Nachweis von Abbauprodukten ist aber bislang nicht 
moglich gewesen. 


Ich hoffe, deutlich gemacht zu haben, dass das Kollidon in einer 
praktisch sehr brauchbaren Weise die wasserbindende Funktion der 
Serumeiweisse zu vertreten vermag. Das war das Ziel bei der Ent- 
wicklung des Periston. Dartiberhinaus aber haben Bennholid und 
Schubert Versuche mitgeteilt, diees noch weiter rechtferticen, das 
Interesse der Eiweisschemiker fiir neue Kolloid in Anspruch zu 
nehmen, . 


W. -Blberfeld. den 23.6.42. yen tt: ae 
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4=methyl Debenal 


1.,6-dimethyl 
debenal 


Debenal 


4- Methyl 
Debenal 


4,6 = dimethyl 


Debengl 


Debenal 


4. Methyl Debenal 


30 D 
20 L 


67 D 
40 L 


30 D 
20 L 


0.02-.01 Sp.W 


0.005 g 


0.04 W.H, 
0.02 W 
0.01 ¢ 


1.3 W.H. 
0.33 W 
0.16 W-g 


Azo compounds with 2=- Amino - 5 - naphthol -~ T= weeds Su acid. 


12.5 D 
10 L 


&zo compounds with 2 


125 D 
100 L 


100 D 
67 L 


A eee 


200 L 


200 L 


100 L 


0.08 W-Sp. We 
0.04 Sp.W 
0.02 g 


0.08 W 
0.04 Sp.W 


2W 
0.33 W-@ 


0.67 W-Sp.W 
0.33 Sp.W 


0.16 Sp.W ath g 


0.67 W-Sp.W 
0.04 Sp.W 
0.02 g. 


0.04 W 


0.02 Sp.W.- 


g 


0.04 W.H.- 


Sp.W 
0,02 9 


0.3 
0.1 


2.5 W.H -W 
0.67 iS) aw. 
0.33 


- Acetylamino - 8 - maphthol - 3,6 = disulfonic acid. 


0.08 W-Sp.W 
0.02 Sp.W.-7 


0.16 W-8De W 


0.08 Sp.W.-7 


0.08 W 
0.04 Sp.W 


.67 WH. 
-Sp.W 


) 
0. 
0.08 g 
0 
0. 
0.02 g 


14 

08. 

i W.Ho=-W 0. 39 W.H. 
04 W-Sp.W 6.08 W. 
02 


0.33 W.H. 
0:04 W -Sp.W. 
0.02 g 


RIGS 


0.04 g 


4,6 dimethyl 67 D se 0.16 W- 
Debenal 40 L 200 L 0.08 Sp.W 


0.04 g 
The doses given are in mg./ 20g. mouse 


D se died W.H. = cure 


L «= living W-. active 


0.67 W 1.3 W.H. 
0.16 Sp.W 0.33 W 
0.08 Zo 0.16 W-9 


Sp.We slightly active 


g - no activity 
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Xanthonderivat 0 
" jH- (CH) 2 N(CoHs)a 


y 


y) 


Durch jahrelange Arbeiten an einem besonders konstruierten Tes- 
tmodell ist es nun gelungen, ein Priparat (Miracil) von besonderer 
chemischer Konstitution aufzufinden, das sich experimentell bei der 
Bilharziose als "ausserst wirksam erwies und sich in Wirkung und Ver- 
trfiglichkeit sowohl dem Brechweinstein als auch dem Fuadin einwand- 
frei tiberlegen zeigte. 


Die Versuchsanordnung ist kurz folgende. Aus dem Kot bilharz- 
jainfizierter Affen aus Westafrika werden die Bier (B.mansoni) gewa- 
schen und isoliert und fr 12 Stunden im Eisschrank bei einer Temp- 
eratur von ca. 4 6° aufbewahrt. iiit Hilfe physikalischer, insbes- 
ondere thermischer Reize bringt man die Hille der Hier zum Platzen, 
so dass die Larven (Mirazidien) frei werden und in Schnecken der 7 
Gattung Planorbis eindringen. Die flr diesen Zweck benutzten 
Planorbenarten stammen aus Venezuela. Es handelt sich um Planorbis 
guadalupensis, die seit mehreren Jahren in besonders eingerichteten, 
ihren Lebensbedingungen entsprechenden Aquarien geziichtet wercen. 
In diesen Schnecken machen nun die Parasiten bei kiinstlich geschaff- 
enen geeigneten Umweltbedingungen eine komplizierte Entwicklung 
und morphologische Umwandlung durch. Nach etwa 3-4 Wochen finden 
sich in der Mitteldarmdrtise der Schnecken die infektiBsen End- 
formen, die unter bestimmten biologisch-physikalischen Bedingungen 
mit dem Kot ins Freie gesetzt werden und sich aktiv mit Hilfe eines 
Ruderschwanzes forthewegen. Bringt man sie auf geeignete Weise in 
Berfhriung mit einem tierischen Organismus, so dringen sie aktiv 
durch die Haut in den Blutkreislauf ein. Auf dem Blutwege err- 
eichen sie schliesslich die fir sie geeignetste Stelle ihres neuen 
Wirtsorganismus, wo sie in dem Venen zu geschlechtsreifen und 
geschlechtlich differenzierten Wirmern heranwachsen. 


Mit der hier geschilderten Versuchsanordnung gelingt es, 
experimentell Muse, Kaninchen, aber auch Affen zu infizieren 
und bei diesen Tieren ein der menschlichen Krankheit analoges 

Krankheitsbild hervorzurufen. Es konnte auf diese Weise gezeigt 
werden, dass die bei der menschlichen Bilharziose bisher als 
wirksam anerkannten Pr&parate, sowohl der Brechweinstein als auch 
das Fuadin, eine spezifische Wirkung auf die Wurmer entfalten, 
wobei allerdings erwihnt werden muss, dass ein Behandlungserfolg 


BIYS2S ~-1 : 122 


erst durch eine mehrmalige Verabreichung der hetreffenden iiittel zu 
erzielen ist. Im Vergleich zu diesen beiden Froaraten seigt nun 
@as Kiipacil,das auf diese Weise aufgefunden worden ist, eine den 
beiden anderen Frdparaten stark therlecene Wirkung, dte bei Matisen 
und affen mit Sicherheit und Regelmassigkeit zu erreichen’st. Diese 
Uberlegenheit Yussert sich nicht nur in einer wesentlichen Ver- 
kfirazung der Behandlungszeit, sondern sie kommt auch in bezug auf 

den sog. chemotherapeutischen Index zum Ausdruck, 


Wahrenc beim Fuadin bei der ijaus ein Index von nur 1:2 fest- 
gustelien ist, haben wir beim Miracil einen Index von 1:30, mit and- 
eren Wiorten, es ist im Vergleich zum Fuadin etwa 15 mal stlrker wir- 
ksai. Besonders hervorzuheben ist aber noch, dass mit liracil in 
einem sehr viel gr8sseren Prozentsatz Radikalheilungen erzielt 
werden k6nnen und dass das iliracil sich durch eine besonders gute 
Yertraglichkeit auszeichnet. Die Radikalheilungen treten ganz 
eindeutig bei Cer sonst viel schwerer zu beeinflussende: Bilharzia- 
jufektion der Affen zutacse. Die Wirkung des Miracils ist allerdings 
nur bei B. hsematobia und B. mansoni festzustellen, wihrend nach 
den bisherigen experimentellen Ergebnissen eine Wirkung auf die Bil- 


Da es sich bei dieser Versuchsanordnuns wn einen menschenpath- 
ogenen Erreger handelt, cer bei einem hher organisierten Tier wie 
dem affen ein dem des Menschen Bhnliches Krankheitsbild auslbst, 
welches prompt auf die Behandlung mit ilfracil anspricht, so ist die 
iloffnung berechtigt, dass eine Behandlung cer. Nenschenbilharziose 
ebenso erfolgre*tch sein wird wie die des Affen. 


Da, wie anfangs gesagt, die Krankheit nur in aussereuropHischen 
Gebieten, in tropischen unc subbropischen Zonen zuhause, ist. ist es 
%.4t. infolge ces Kricges nicht m#cltch, kitnisch-therapeuti sche Ver- 
suche beim “ienschen durchzuflihren, un sich von der Wirksamkeit 
Ces Pradparates zu tberzeucen. 


Wuppertal-Liberfeld, den 4.2.1943 


/s/ Kiauth 
gez. Prof. Kikuth. 
I.G. PAREONTEDUSTRIB 
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Appendix 6. 


Abscoch yi 7 4 
Abteilung: Pharmakologisches Labor 


an Herrn Prof. Kik W. toch: 8.402 


Unsere Zeichen Tag | 
Dr. Hcht/Hi. 14. 4. 1943 


Betreff: Mauss 752 (Miracil) = W. 20935. 


Wir haben die Arbeiten uber die Toxikologie dieser 
Substanz zu einem gewissen Abschluss gebracht. Das wesent- 
liche Ergebnis ist, dass sie bei geringer akuter Giftigkeit 
zu sehr charakteristischen und noch nach langer Zeit nach- 
weisbaren fettigen Organdegenerationen fuhrt, die ihre 
therapeutische Verwendbarkeit in Frage stellen oder wenig- 
stens die Nennung einer vertraglichen Dosierung sehr ersch- 
weren. Im einzelnen hatten wir folgende Ergebnisse: 


pe Lokale Wirkung: 
M. 752 fuhrt am Orte der Applikation zu starken Geweb- 


sschadigungen. Noch l%ige Losungen ergeben in der Ohrquaddel 
am Kaninchen Nekrosen, am Kaninchenauge Konjunktivalodeme mit 
eitriger Sekretion. Selbst intramuskulare Gaben (Ratten- 
schenkel, 0,1 com 2%ige Losung) haben starke Odeme und Zer- 
fall der Muskelfasern zur Folge. Nach wiederholten intra- 
vendsen Injektionen bei Kaninchen kommt es langsam zu weit 
uber die Venen selbst hinausgreifenden Zerstorungen. Sine 
parenterale Anwendung von M. 752 demmach kaum durchfuhrbar 
sein. 


Bei Katzen dussert sich die Reizwirkung auch bei 
oralen Gaben durch Auslosung von Erbrechen, das selbst noch 
bei der kleinen Dosis von 0,025 g/kg eintritt und erst bei 
0,01 g/kg nicht mehr erfolgt. 


=.) Toxische Dosen: 
a) Bei oraler Gabe: Ma@use vertrugen bis zu 0,3 g/kg, 
nach, 0,5 g/kg ging die Halfte der Tiere zugrunde. Kaninchen 


vertrugen 0,2-0,6 g/kg und zeigten innerhalb einer einwochigen — 
Beobachtungszeit keine erkennbaren Sch&éden. 0,7 g/kg fuhrten | 
nach 3 Tagen zu zunehmender Albuminurie, spater trat Durchfall 
hinzu und am 8. Tag trat der Tod ein. Die Sektion ergab makro- 
skopisch neben Hyperdmie des Darmkanals vor allem ein auffal- 
lend grosses und schlaffes Herz mit graubrauner Farbe des 
Herzmuskels. Ubrige Organe makroskopisch ohne Befund. Mikro- 

skopisch zeight das Herz triib-kornige Andeutungen von Verfet—— 
tungen. Die Leber zeigt schmale, glykogenarme Zellbalken a 
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mit geringer fein tropfiger Verfettung, daneben auffallende 
Verfettungen endothelialer und bindegewebiger Elemente, die 
Niere verstreute nephrotische Degeneration mit Zylinderbil- 
dung und Verfettungen. 


Bin anderes Tier ging 10 Tage nach der Gabe von 1,0 
g/kg zugrunde. Hier bestand ein ausgedehnter Lungenabscess, 
sodass der pathologische Befund nicht zu werten ist. 


Bei Katzen konnte die oral-toxische Dosis night ermit- 
telt werden, da das Praparat ausgebrochen wurde. 


b) bei intravendser Gabe: Hier war bei Katzen und 
Kaninchen das Bild nicht unterschiedlich, beide Tierarten 
vertrugen bis zu 15 mg/kg ohne schwere Erscheinungen, 20-25 


mg/kg fihrten sofort zu Krémpfen und L szustanden, von 
enka, sich die Tiere wieder erholten. 40 g waren sofort 
todlich. 


5.) Versuche mit wiederholter Verabreichung: 


a) Kaninchen: 

2 Kaninchen erhielten an 8 aufeinanderfolgenden Tagen 
je 50 mg/kg per os. Beide Tiere zeigten keine auffdlligen 
Stérungen, der Blutstatus ergab keine einheitlichen Verlin- 
derungen. Eines ging 15 Tage nach Abschluss der Behandlung 
zugrunde, die Sektion ergab eitrig-fibrindse Pleuritis. 
Dieses Tier scheidet also fur die Beurteilung aus. Das andere 
Tier zeigte 14 Tage nach Abschluss der Behandlung auffallige 
Gewichtszunahme, dann Durchfall und verendete am 18. Tage. 
Die Sektion ergab hier makroskopisch keinen besonderen Be- 
fund, mikroskopisch dagegen Verfettungen in Leber, Niere und 
Herz, Shnlich wie oben beschrieben. 


Im Gegensatz dazu vertrugen 2 Tiere die gleiche Behand- 
lung mit der doppelten Dosis, also taglich 6,1 g/kg, sie 
zeigten wahrend der Behandlung keine Storungen, doch ergab 
das Blutbild bei beiden beachtliche Anamie, die ihr Maximum ca 
14 Tage nach Abschluss der Behandlung erreichte. Einen Monat 
nach der letzten Gabe wurde die Beobachtung abgabrochen, die 
Blutwerte waren fast weder normal, das Korpergewicht 
angestiegen. 


Ferner wurden einige Kaninchen mit wiederholten intra- 
vendsen Gaben behandelt, jedoch infolge der starken Nekroti- 
sierung der Ohren nur bis zu 5 Einzeldosen. 2 Tiere erhiel- 
ten jedes Mal je 10 mg/kg. Das eine zeigte nach der 4. Gabe 
Albuminurie und wurde 4 Tage spater getotet. Die Sektion 
ergab neben Nierenveranderungen im Sinne einer Lipoidneph- 
rose auffallige fettig-kornige und wachsartige Degeration 
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des Herzmuskels. Das andere Tier erhielt nach 10 tagiger Un- 
terbrechung noch eine 5. Dosis. Es bot keine Stbrung, auff- 
allend war die starke Gewichtszunahme. . 


2 weitere Kaninchen erhielten 3 baw. 4 intravendse 
Einzeldosen von 30 mg/kg, die jeder Mal von lei¢ghten Krampf- 
zustanden gefolgt waren. Das erste Tier mit der Gesamtdosis 
von 60 mg/kg entwickelte eine dauernde Albuminurie. Das 
Kérpergewicht nahm bis zu 14 Tagen nach Abschluss der Behand- 
lung zu, dann wieder ab. Das Tier wurde am 24. Tag getotet. 
Es gpeigte einen Pericarderguss, der fir Herzschdden spricht, 
ferner Hyperamie der imneren Rindenschicht der Niere. 
Histologisch gtehen schwere degenerative Veranderungen der 
Herzmuskelfasern in Vordergrund, daneben fettige Degeneration=- 
en in Niere und Nebenniere. Das andere Tier - Gesamtdosis 
80 mg/kg ~- zeigte ebenfalls Albuminurie und wurde 4 Tage nach 
der letzten Gabe getétet. Im Gegensatz zu dem unauffalligen 
makroskopischen Befund enthillte hier die mikroskopische 
Untersuchung neben Fettinfiltration der Leber wieder nephp 
ritischnephrotische Nierenveranderungen leichteren Grades 
und vor allem sehr charakteristische eigenartige wachsartig- 
streifige und kornige Degenerationen der Herzgmuskelfasern. 


Im Ganzen ergibt sich also bei. Kaninchen bei relativ 
guter Vertraglichkeit quo ad vitam eine sehr schleichende 
Verciftung mit Organdegenerationen, die insbesondere Herz 
und Nieren zu betreffen scheinen. 


b Bei Katzen: ist a Vergiftung nun schon bei viel 
kleineren Dosen von toOdlichem Erfolgt. 

2 Tiere wurden mit je 9 taglichen oralen Dosen von 
je 10 mg/kgbehandelt. Im Gegensatz zu den Kaninchen 
zeigten beide Tiere bereits under der Behandlung, Gewicht- 
sabnahme, vielleicht infolge der durch Magenreizung 
verringerten Fresilust. Ferner trat hier keine Anamte aut, 
sondern Im Gegenteil beachtliche Bluteindickung. Das 
eine Tier wurde 5 Wochen nachbeobachtet und war am Schluss 
wieder vollig munter. Das andere Tier zeigte weitar star- 
ke Gewichtsabnahme, und wurde 14 Tage nach Abschluss. der 
Behandlung getotet und seziert. Auffallend war eine 
gelbe Verfarbung der Organe, insbesondere war die Aorten- 
tatima zitronengelb, vermutlich infolge Speicherung des 
Ferbstoffes. Die schon makroskepisch als verfettet kenn- 
liche Leber erwies sich histologisch als nahezu maximal 
fettinfiltriert. Daneben wieder eine starke fettige 
Degeneration des Herzens, Nierenveranderungen und auch 
Verfettung des Markes der Nebenniere. . : 


: 2 weitere Tiere erhielten 8 mal je 25 mg/kg per os. 
Beide zeigten wieder unter der Behandlung Gewichtsab- 
nahme - sie gaben durch haufiges Erbrechen die Folgen 
des Praparates fur den Magen zu erkennensowie Blutein- 
dickung. Beide Tiere verendeten, das eine 2, das andere 
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7 Tage nach Schluss der Behandlung. Bei beiden ergab die Sektion 
fibereinstimmend maximale Fettleber - bei. einem Tier waren die 
Leberzellen kernlose Fettropfen hei gut erhaltenem Endothel und 
Stiitzgewebe -, starke fettige Degeneration der Herzmuskelfasern, 
nephritisch=nephrotische Nierenver&nderu.gen. 


Je 2 weitere Katzen waren mit t&glichen Dosen von 0,05 baw. 
0,1 g/kg behandelt worden, Alle 4 Tiere zeigten aneloges Verhalten- 
Gewichtsabnahme, Bluteindickung. Sie gingen nicht frither (einige 
Tage nach Abschluss der 8-maligen Behandluxg) zugrunce als bei 
kleineren Dosen, ein Zeichen caftir, dass die Vergiftung schieichend 
verlBuft und Zeit zu ihrer Auswirkung benttigt. Die pathologischen 
Verinderungen der Organe waren hier neben den fettig-de;:enerativen 
Vorgigen auch durch entztindlich infiltrative Prozesse charakterist- 
isch. Vielleicht steht damit die beobachtete stlrkere Leukozytose 
in Zusammenhang, die thorigens auch bei dem kleineren Dosen und 
auch bei den Kaninchen deutlich war. 


4.) Das Schicksal des Giftes: 
Bei den Katzen sprach die starke Gelbfarbung der Leichen flr 
eine starke und dauerhafte Speicherung cer Substanz. Im Gegensatz 
dazu konnte bei. den Kaninchen schon kurze Zeit nach der Gabe keine 
Gelbfurtung mehr beobachtet werden. Das spricht daftr, dass diese 
Tiere die Substanz abbauen, denn eine Ausscheidung konnte auch 
bei ihnen selbst nach intraven$ser Gabe subletaler Dosen nicht fest- 
gestellt werden. Zom Zweck des Nachweises wurde der Hern schwach 
angeshuert und im Extraktionsapparat mit Chloroform ersch&8pfend 
extrahiert. (M.752 ist auch aus sauer wissriger Lésung mit Chloro- 
form extrahiertbar). Das Chloroform wurde verjact, der Riickstand 
wieder jn Chloroform geltést, mit der zehnfachen Athermenge verdtnnt, 
mit Sodalésung gereinigt und wiederholt mit kleinen Portionen 
verdtinnter SalzsBure ausceschtittelt. Mit diesem Verfahren war 
Img ii. 752 in 10 ccm Harn bequem nachweisbar. Dagegen war der 
Nachweis bei allen behandelten Tieren negativ. 


Es muss also angenommen werden, dass Kaninchen das Gift viel 
schneller zerstéren als Katzen, und damit h&n:t wohl zusammen, dass 
sie etwa 10 sal weniger empfindlich sind. Die Annahme, dass sie die 
Substanz schlechter resorbieren, ist nicht gerechtfertigt, sie 
vertragen offenbar intravents eine chronische Behandlung mit egrtss- 
eren Dosen als Katzen per os. 


Zusammenfassena muss also festgestellt werden, bass M. 752 zu 
sehr schleichend verlaufenden Vergiftungen fiihrt, die auch, wenn 
sie nicht t&dlich enden, zu schweren Organverdncerungen ffhren. Dos- 
en, die auch bei chronischer Gabe hermlos bleiben, k§$nnen roch nicht 
genannt werden. 


L27 
gez. Dr. Hecht 


3B1s245- 1 


= seuss 752 @ Mireeti 1.11.1°39 


Q “ (CHa)2 N(CoHs) 9 


H Cl 
| 


CH3 


Giftigkeit : veros 1/50 tot 1/75 lebt — ) 
subeutan 1/100 tot 1/150 lebt ) 7 2°8e 
Bilharzicse: Per os 1/200 tot 1/400 tot 1/400 Wirkung-Heilung 1/800 
Wirkung-Heilung, iirkung 1/1500 Wirkung 1/3000 
ohne Wirkung 


" o"  jugendliche Wihrmer 1/400 Wirkung 1/800 ohne 
Wirkung 
Wee " "1 x 1/150 Wirkung-Hejlung 
1/300 Wirkug 1/400 Spur 
Boal wirkung 1/800 ohne Wirkung 
nooM " " Prophylaxes 1 x 1/200 ohne 
Wirkung 


subcutan 1/400 Wirkung 1/800 Wirkung 1/1500 ohne Wirkung 
jugendliche Whrmer 1/400 Wirkung 1/800 Spur 


Wirkung 


Affen-Bilherziose: per og 2 x S00 mg leichtes Erbrechen 400 mg 
vertragen. 
LOO mg Wirkung-Heilung, 35 mg Wirkung 
Heilung, 10 mg Wirkung-Heilung, 5 mg 
Wirkung-Heilung, 2,5-mg ohne Wirkung. 


subcutans 2 x 20 mg Wirkung-Heilung, 2 x 10 
mg Wirkung-Heilung, 2 x 5 mg ohne 
Wirkung. Judendliche Wihrmer: 25, 
Tag 100 mg Wirkung Rezidiv, 15. 
und 5. Tag ohne Wirkung. 


Kaninchen-Giftigkeit: intravenBs 30 mg tot,20 mg lebt. 
I.G. FARBENINDUSTRIE AKTIENQESELLSCHAFT 
WERK ELBERFELD. 
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Chemie: 


Gavano ist eine synthetisch Carrestellte Dase, die in Wasser 


leicht 1léslichen Hydrochlor’d bildet.(Ampullen). In den Tabletten 
leict es in Form eires in wasser schwer léslichen Salzes vor, das 
vollkomuen ceschyacklos ist. 


Aligeneinwirkungen: 


Tn Anbdetrecht der spezifischen iirkung des Gavano gegen Amoeba 
histcljtica war es von ‘besonderem Interesse, seine pharmekologischen 
Bigenschaften im Vergleich zun bisher zur Behandlung der Amoeben- 
dysenterie verwendeten Emetin zu erkennen. 


wirkune des Cavano und des Emetin auf den iiacendarmkanal: 


D.s Gavano hemet die spontanen Bewegungen des isolierten Kanincher 
darms noch in der starken Verdtinnung von 13100 000. iiit diese 
cnzentration erreicht man einen atonéschen Stillstanc, der sich 

ur schwer durch auswaschen beseiticen ldsst. Im Gegensatz dazu 
1emmt Emetin sogar in 10 mel nBherer Konzentration $1310 000) die 
armaotsiitdt nur teilweise. Der Eiffekt ist durch einmalige Wasch- 
ne quantitativ zu beseitigen, Da Filocarpin den Gavanostillstand 

s Darmes nicht beseitigt, liect der Angriffspunkt des Gavano wie 


he 
ee ge 2.) 
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des Emetin in der glatten iluskulatur selbst. 


In situ 1&%sst sich die spasmclytische Wirkung des Gavano 
a*cht nachweisen, weil bei Ger intraventsen Injektion gleichzeitig 
mit der spasmolytischen iirkung auf den Darm eine Blutdaruck-- 
senkune erfolet, Letzteres zeigt, dass die Strémungsgeschwin- 

igke it des Blutes verringert ist und damit der Kohlens&ure- 
transport aus dem Gewebe verzégert wird. Im Gewebe entsteht 
siso eine KohlensHuresteuung. Auf dieseble istcdas Vagus- 
zentrum ebenso wei Genglienzellen des Darmes besonders 
empfindlics. ie beiden nervésen Apparate, die die Darmmotili- 
tht fércern, wercen durch die Kohlens#urestauung errect. Der 
Erfolg ist, dass am gesunden (narkotisierten) Tier die spas- 
molytische Wirkung des Gavano durch die Kohlensfureerregung 
Woherdeckt wird. 


anders liezen ¢te Verhfltnisse beim Menschen, insbeson- 
dere bei Amoebendysenteriekranken. Der durch die Amoeben- 
infektion bereits schwer geschidicte Dara amdem sich 


Uicerationen ausbilden, ist auf Spasmolytica ganz besoncers 
anpfindlich ( s.die Arbeiten von Yo ervier= 
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ten, dass die spasmolytische Wirkung des Gavano sich sicher- 
lich vorteilhaft auswirken wird. 


Am isolierten Uterug sieft man, dass auch hier das 
Gavano eine, allerdings nur geringe, erschlaffende Wirkung 
hervorruft. Mit Emetin 1¥sst sich dieselbe kaum nachweisen. 


im Kreislauf findet eine Erschlaffung der kleinen 
Arterien durch Gavano statt, Sie Hussert sich am narkotisier- 
ten Tier (Kaninchen, Katze) in einer geringen aber nach- 
haltigen Senkung des arterielzen Blutdrucks, Hine Pulso- 
ver’nderung findet wihrend dieser Senkung nicht statt. 


Bis gu einer Vergiftung mit der halben tédlichen Dosis 
sind die an sich unbedeutsamen Kreislaufwirkungen von Gavano 
und Emetin ungeffhr dieselben. Nach hSheren Dosen treten 
Hemmungen der Reizbildung und Reizleitung auf, die beim 
Gavano lediglich zu Pulsverlangsamung ftthren, wahrend nach 
Emetin bedrohliche Irregularit&ten (partieller Block, totaler 
Block, ventrikul&re Tachycardie usw. erscheinen. Die Rhytmus- 
Bnderungen nach Emetin bleiben entsprechend seiner kumulieren- 
den Wirkung ausserordentlich lange erhalten. 


Von den Funktionen der Medulla oblongata J&sst sich zwi- 
schen Gavano und Emetin nur bezgl. der Atemt&tigkeit eine 
Perallele findem. Beide Substanzen steigern die Atemtdtigkeit 
nach Injektion von 1/4 der t8dlichen Grenzdosis ganz erheb- 
lich. Das Respirationsvolumen kann dabei bis um das Freifache 
zunehmen. Nach héheren Dosen erfolgt eine Hemmmg der Atem-— 
frequenz und -tiefe. | 


Die bekannte Brechwirkung des Emetin, die nach parenteraler 
Applikation therapeutischer Dosen auch am Menschen beobach- 
tet wird, fehlt ‘beim Gavano parenteral im Tierexperiment auch 
nach h&échsten Dosen véllig. 


igwirkung $ 


Gavano tibt einen Reiz auf das Gewebe aus. In 1-2%iger Lb- 
sung stellen sich im Quaddelversuch wie nach intramusculfrer. 
Injektion starke Infiltrate und Nekrosem eim. Am Kaninchen- 
ohr fiihrt auch die intraventse Injektionen zu Schwellungen 
und Entzlindungen des Ohres. Gelegentlich stellen sich Throm- 
bosen ein. Wird anschliessend an eine intravenbse Gavano- 
injektion etwa physiologische KochsalzlBsung nachgespritat, 
so lassen sich d*e gesamten entzlindlichen Reaktionen dadurch 
vermeiden. Die lokalen Reizerscheinungen wargn in allen Ver~ 


guchen geringer als nach denselben Mengen Emetin. 
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Toxikologisches: 

Bei der akuten Vergiftung durch intraventse Injektion der 
t8dlichen Grenzdosis tritt erst die eingangs beschriebene 
Tachypnoe auf. Es folgen Atmungsirregularité&ten. Etwa 3 Minu- 
ten nach der Injektion gehen die Kaninchen an Krlmpfen, be- 
gleitet von Laufbewegungen und ausgeprugten Opistetonus: an 
primfrem Herztod ein. Nach chron‘scher Vergiftung durch wie- 
derholte subcutane Injektion verenden die Tiere unter lapg- 
samen Verfall, Die Sektion ergab Verfettung in der Nieren- | 
rinde und in den Ubergangabschnitten der Hernkan&lchen. Im | 
Harn treten Cylinder und Eisweigs sowie Gallenfarbstoffe, 
Urobilibin und Urobilinogen auf. In der Milz fand sich eine 
hochgradige Atrophie der Follikel, Es liezen also Parenchym- 
schéd@igungen vor. 


Die t&dliche Grenzdosis (D.1.m.) betr&gt pro kg Tier fttr 
Gavano und vergleichsweise Emetin: 


Gavano ‘Emetin 
1.Maus subcutan 100 mg 65 mg 
i.v.(in 2 Minuten) 25 mg 30 mg 
2. Kaninchen subcutan 75 ng 30 mg 
intramuskulér 75 mg 20 mg 
i.v.(in 2 Minuten) 4-5 mg 3 mg 
3. Katze subcutan 150 mg 20 mg 
intramusculdr 100 mg 15 me 
i.v.(in 2 Minuten) 6 mg 6 mg 
4. Hund subcutan - ~ 
intramuscular 50 mg ‘5 me 
i.v.(in 2 Minuten) 7.mg 5 me 


Kunulation: 


Um die Kumulation, d.h. die Speicherungsfahigkeit einer 
Substanz exakt zu erfassen, muss die Resorption ausgeschal- 
tet werden. Daher geben nur Kumulationsversuche, in denen die 
zu priifenden Substanzen intravents cespritzk werden, einwand- 
freie Ergebnisse. Die KumulationsfS8higkeit der einzelnen 
Tierspezies ist wechselnd. Nach allgemeiner Erfahrung ist 
die Kumulationsffhigkeit des Kaninchens geringer als die der 
Katz, die in dieser Beziehung meist mit dem Menschen parel- 
lel geht. 


Versuche: 
1. Kaninchen: 131 
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Tier a erhielt in 10 Togen 10 x 1,5 mg Gavano pro kg Tier i.v. 
also on AO TABS 3 Ey tBdliche Binzeldosen (4 “mg) 

‘Tier b erhie}t in 6 Tagen 6 x3 mg Gavano pro kg Tier i.v. 
also in 6 Tagen 4 1/2 tOdliche Einzeldosen. 


Da beide Tiere diese Injektionsserie wes oe vertrugen, 
scheidet das Kaninchen t&glich nindestens 80% der D.1.m. aus. 


Re Katzs 


Tier c erhielt in 7 Tagen 1 x 4 mg und 6 x 3 mg Gavano pro kg 
Tier i.v. Nach dem vierten Tag (13 mg) trat eiweiss im Harn 
auf, Erst 7Tage nach Abschluss der Injektionsserie ging das 
Tier anscheinend an Nierensch¥digung ein. Es hatte whhrend 

7 Tagen 22 mg Gavano oder 51 2 ttédliche Einzeldosen erhalten. 
Die Katze schied also rund 50% Gavano pro Tag aus. Gavano wird 
also bei intraventser Injektion sehr schwach gespeichert. 


Nach intramuskularer und subcutaner Injektion des Gavano 
tritt also eine "scheinbare Kumalation" auf, die lediglich die 
Folge der vom Gewebe aus verh¥ltnm&ssig langsamen Resoption ist. 


Die ausserordentlich starke Kumuletionsf¥higkeit des Emetin 
ist lange bekannt. Mattei und Ribon fanden 1917 noch 60 Tage 
nach einer Emetininjektion Alkaloidspuren im Harn. Diese hohe 
Speicherungsfdhigkeit ist ein sicheres Zeichen, dass der Orga- 
nismus das Emetin weder abbauen nochentsiften kann. Die folgen- 
den Experimente best&tigen die Kumulationsfihigkeit des Emetin: 
Die subcutane D.1.m. an der Katze betr&gt 20 mg. Wird sie einem 
Tier in 2 Kinzeldosen zu je 10 mg 10 mg am l- und 4.Versuchstag 
appliziert, so geht.es am 6. Tace ein. Erst 6 Einzelinjektionen zu 
je 4 mg in Verlauf von 6 Tagem, also 11/5 D.1.m. werden thberlebt. 


Sowohl nach dem akuten, wie nach dem Gewbhnungséxperiment er- 
gab cie histologische Untersuchuig der Leber entweder gar keine 
Verdnderung oder gutartige Verfettung nebst Stauungshyperdmie; 
also unchareakteristische, sekundfre Symptome. . 


Bin Nachweis der Ausscheidung von Gavano ist nach den bis- 
herigen Beml§hungen noch nicht gelungen.. 


Zusammenfassung: 


Der pharmakologische Vergleich zwischen Gavano und Emetin 
legte klar, dass beide Substanzen die glatte Muskulatur des 
Magendarmtrektus des Uberus und der Gef&sse aur Erschlaffung 
bringen. .Die Wirkung des Gevano auf die Darmmuskulatur ist in- 
tensiver und nachhaltiger. Beide Substanzen erregen das Atemzen- 
trum anffnglich, um es schliesslich zu hemmen. Nur Emetin 18st 
den Brechakt aus. Emetin ist bei einmaliger tOdlicher Yergiftung 
wie bei partieller Vergiftung, nicht nur spezifisch erheblich 


giftiger, sondern auch in Folge seiner starken Kumulations- 
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f¥higkeit Gavano kumuliert kaum. Es wird lokal besser vertragen 
als€metin. 


Chemotherapeutische Pritfunc.- 


Die spezifische Wirkung von Gavano auf die Amoeba hist., dem 
Erreger der Ameobenruhr, konnte zuerst in Vitroversuchen fest- 
gestellt werden. Gevano wirkt auf eine Amoeba histolyt.- Kultur 
in einer ganz analogen Weise, wie Emetin hydr. Eine besondere 
Versuchsanordnung zeigte, dass die Wirkung sowohl von Gavano wie von 
Emetin als spezifische angesehen werden musste, denn sie war im 
Prinzip eine andere als die von Yatren und Rivanol. 


Die noch wirksame Konzentration beider Lésungen war in zahl- 
reich wiederholten Vitroversuchen nicht immer konstant, was auf 
die besonderen sich &ndernden biolcgischen Eigenschaften der 
Kulturanoeben zurtickgefuhrt werden kent Diese Schwankungen 
waren allerdings beim Gmetir etwas weniger stark ausgesprochen 
als beim Gavano. Im grossen und ganzen kann man aber doch 
sagen, dass beide Substanzen in ann¥hernd gleicher’ Konzentra- 
tion noch wirksam waren, deren durchschnittlicher hert mit 
1/1 000 000 festgelegt werden kann. 


Nachdem die spezifische emetin¥hnliche Wirkung von Gavano auf 
Kulturamoeben festgestellt worden war, wurcen Versuche an- 
gestellt, um mit Amoeba hist. inficierte Katzen chemo- 
therapeutisch zu beeinflussen. 


Es ist bekannt, dass sich Katzen nur in einen kleinen Pro- 
zentsatz inficieren lassen. Ist aber einmal die Infektion 
erfolgt, so verl¥uft sie in der Regel sehr viel sttrmischer 
und akuter als beim Menschen. Spontanheilungan werden im 
allgemeinen nur selten beobachtet, bei unseren Versuchen sind 
sie fberhaupt nicht geschen worden, 


Was die therapeutische Beeinflussung der Katzenamoebenruhr 
mit Emetin anbelangt, so verliefen alle diese Versuche, die von 
deutschen, englischen und amerikanischen Autoren angestellt 
worden waren, und von uns best&tigt werden komtten, negativ, d.h. 
eine Heilung war nicht mbglich. 


Es ist nicht. ganz klar warum das Emetin bei der Katzenruhr ver- 
sagt. Héchstwahrscheinlich liegt es daran, dass das’ Emetin auf 
Grund seiner stark ausgesprochenen kumulierenden Eigenschaften 
gu toxisch ist, die Wirkung aber 1&ngere Zeit in Anspruch nimnt, 
sodass eine Beeinflussung des-akuten Infextionsverlaufs bei den 
Katzen nicht mbglich ist. 


Umso tiberraschender waren die Versuche mit Gavano und ‘Pelipere- 
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ten aus derselben Reihe Nach, 2 resp.3 subcutanen Injektionen von 
bestimmten Mengen Gavano k@wnten in der tberwiegenden Mahr- 
gahl der F&lle im Darm der inficierten Katzen keine Amoeben mehr 


nachgenresen werden. 


In der Regel gelinet es mit 15 mg pro kg Katze an drei Tagen 
hintereinander subcutan (also in ganzen 45 mg) gegeben, die Amoe- 
benruhr der Katzen -zur Ausheilung zu bringen, nu? in einzelnen 
Fallen sind Rezidive beobachtet worden, die mit ziemlicher 
Sicherheit vermieden werden kénnen, wenn man den Katzen dmg 
an 4 Tagen oder 20 mg/kg'an 3 Tagen hinteeinander gibt. 


Man darf allerdings mit dem Beginn der Behandlung nicht allzu 
lange warten. Am besten ist, wenn man mit der Behandlung sofort 
oder am nchsten Tag beginnt, nachdem lebende Amoeben in Darm 
nachgewiesen werden konnen. Es konnten aber auch noch Heilungen 
erzielt werden, wenn die Behandlung erst am dritten Krankheits- 
tage einsetze. 


Wenn man in Betracht zieht, dass Katzen 120 mg/kg Gavano subc. - 
-an 6 Tagen hintereinander (20mg/kg t&glich) vertragen, ohne 
Schidigungen irgendwelcher Art zu zeigen und dass es auf der 
anderen Seite gelingt, mit 45 mg/kg verteilt auf drei aufeinander~ 
folgende Tagesdosen von 15 mg/kg Heilungen zu erzielen, so hi&tten 
wir einen Index von 133. Petey 


Die chemotherapeutischen Erfolge sind deshalb besonders 
beachtenswert weil zum ersten Mal den Beweis erbrancht haben, 
dass die Amoebenruhr der Katze auf parenteralen Wege zu heilen 
ist. 


Die gleichen giinstigen Heilungsresultate erh¥lt man (Versuch 
von H&chst), wenn man die rektale Applikation anwendet. Es gentigt 
hierfllr i ccm einer 5%igen Losung, die auf 10 ccm verdtnnt und den 
Katzen per clysma eingefthrt wird. : 


Schliesslich gelingt es auch, die amoebenkranken Katzen per os 
mit Erfolg zu behandlen. Die tedliche Grenzdosis lasst sich oral 
bei Katzen wegen Erbrechens nicht feststellen. 400 mg/kg sind 
aber mit Sicherheit symptomlos vertragen worden, Bei 600 mg 
brechen die Katzen regelm&ssig. 


Mit einer tglichen Dosis von 100 mgfkg Gavano an vier bis 
- finf aufeinanderfolgenden Tagen gegeben, gelingt es in der Regel 
die Katze rezidivfrei zu heilen. Unter Umstinden geniigen schon 
75 mg/kg. | 

BYs2s-i a. 54 


Diese Heilungserfolge bei der akuten Amoebeninfektion der 
Katzen, namentlich bei der parenteralen Therapie, geben uns die 
Berechtigung das Gavano auch bei. der Amoenbenruhr der Menschen 


therapeutisch zu pritifen. 


Da das Gavano emetindhnliche Wirkung aufweist, kommen ctr die 
klinische Prtifung in erster Linie solche Fille in Betracht, 
bei denem Emetin dem Yatren und-Rivanol vorgezogen wird,. ndmlich 
akute Fille von Amoebenruhr, oder solche, die mit Hepatitis oder 
Leberabszess kompliziert sind. 


Zwecknussig wire es gewesen, die Behandlung am Menschen mit 
der Injektion zu beginnén. Zu diesem Zwecke wurde 
das Gavano in 5% Lésung in Ampullen zu 1 ccm geliefert, so dass 
jede Ampulle 50 mg Gavano enthielt.. Als Tagesdosis wurden 100 pg 
vorgeschlagen, also vor-und nachmittags je eine Ampulle. Die 
Behandlung pitte man voraussichtlich thber 6 Tage ausdehnen mlis- 


gen. 


Die intramuskul4re Behandlung kommt aber nicht in Betracht. 


weil das Gavano bei klinischen Vorversuchen bei intramuskuldrer. 
Injektion von den Patienten als Musserst schnerzauslbsend 
empfunden wurde. 


Aus diesem Grunde ist die perorale Applikation zu empfehlen. 
Die Behandlung per os ist neath Manson-Behr bei der Amoebendysente- 


rie’ jeglicher InjektJongbehend1ung vorzuziehen, Sie 1&sst sich 
mit Emetin nur nicht durchflthren, weii das Emetin vom Menschen per 
os nicht vertragen wird. ; 


Bei Katzen braucht man, um ait der Behandlung per os densel- 
ben therapeutischen Effekt zu erzilen, etwa 4 die 5 bts 6fache 
Dosis der intramuskulf#ren Injektion. Eg ist in Betracht zu zie- 
hen, dass Katzen peroral etwa 4-5 mal mehr vertracen als. intramus- 
kular. 


Beim Menschen wird man auf der Basis der intramuskul¥ren In- 
jektion von 100 mg t&glich per os etwa 300-500 mg tU¥glich geben 
missen. Da die gelieferten Gevanotabletten 250 mg enthalten, 
ist zu emofehlen die Behandlung mit einer Tablette t&glich zu 
beginnen. 


Man wird aber diese Dosis bei guter =~ Vertr&glichkeit ohne 
Gefahr auf zwei Tabletten tuglich gteiMgern «Banen,Evtl. wird man — 
auch drei Tabletten t&glich geben kBnnen, Die Behandlung wird man 
voraussichtlich auf 6 Tage ausdehnen miissen. 


Was die intraventse Behandlung anbetrifft, so gehten hierfttr 
dieselben Bedenken wie beim Emetin. 
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Es muss mit besonderer Vorsicht vorgegangen werden, da Bee zu 
grossen Dosen die Gefahr einer ernstlichen Herzschédigung nicht 
auszuschltessen ist. Im Tierversuch konnte gezeigt werden, dass 
Gavano intravents etwas weniger giftiger ist als Emetin. Emetin 
wird vom Menschen intraven’s 100 mg t&glich vertragen. Fir 
die intraventse Injektion wird es. deshalb zweckm&ssig ‘sein, mit 
einem 1/2 «CCa der 5% GavanolBsung, also mit 25 mg Gavano zu begin- 
nen. Diese Injektion wird man 2 «der 3 mal +4glich wiederholen 
kOnnen. Auch bei der intravenbsen Injektion wird man voraus- 
sichtlich die Behandlung fiber mehrere Tage ausdehnen miissen. Eine 
kumulative Schidigung ist bei der intraventsen Applikation weni- 
m8 beget: fiirchten als bei der intramuskuldren, Bei der intraventsen 


ace.  paenbibtie soll etwas physiologische Rochen] sit avie nachge- 
spritzt worden, 


Schliesslich sei noch erwihnt, dass auch die’ Behandlung per 
clysma versucht werden kann. 


Elberfeld, den 25. Wovember 1931. 
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Appendix 9. 


qd listed eport. 
Folder 13¢ Production methods of some Leverkusen products. 


1. Study of the constitution of 2 methyl, 2 formyloxy 3 chlor, 
tetrahydrofuran. 


2. A thru P. Miscellaneous library notes and comments on 
chemotherapy-inter company notes on subjects of cancer. 


Folder 14: Chinolin Acrolin Synthesis (Prof. Tschitschibabine) 


1.  Intercompany correspondence on financial arrangements with 
Tschitschibabine on his patent. 


2. Patent reference on T. process. 


3.  Photostat in French of T. Patent application to French patent 
office = gives. full details of methods. 


Folder 15: Report for year 1944 by Dr. Bauer (Elberfeld) assistant 
to Dr.Dérr, Development Department on his development work on 
Badional, and Adolin, with log of plant runs. 


Folder 16: Report for year 1937 thru 1944 of develop. work done in 
Develop Dept by Dr. Deichsel assistant to Dr. Durr, Elberfelc. 


1937< 
1. Report on Zephirol mfg. and purification 

2 Report on Dontolol mfr. 

3. Report on “Vermillion a homologue of Rotylon. 

4. Report on ithylenbromide from Ethanol, 

5. Bromine and Sulphurous acid. 

5. Report on work to increase Italian Atebrin production. 
6, Report on work on Clinical production. 

7, Report on production of Diethanalamine 

8, Report on work on Barbituric acid. 


1938= 

1. Formula for iMittigal solution for Spain 

2.  Saponified cresol for Veterinary use. 

3. Report on mfg of Isobutylbromide from sodiun bromide, 
isabutylalcohol and sulphurous acid 

4. Manufacture of L-Dimethylamino - 3 bru..-butanes, 

5. Calculations on plant run of Isobutylbromide 

6. Italian "Iodazone M" and "Iodazone T". 
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7. Method and equipment for making L - Dimethylamino -3- 
methoxybutane (M.B. Amin) M.W. i31. 

8, Method and equipment for making L - dimethyl- amino-3- 
butanehydrobromi de (Bromaminobromide) M.W. 261. 


1939- 

1. D179 for toothpaste 

‘2. Report of visit of Dr. Hecht to Prof. Killian at Freiburg 
on testing of narcotics (alkaloids). 

3. New method for making phenylacetic acid ethylester and 
methylester. 

4. "Desil" detergent compared in pH to NaOH and sodium 
metasilicate. 

5. Explanation of difference in laboratory and plant yields 
in making "Phenester M". (Phenylacetic acid ethylester) 

6, Note on cost of Lonester M", (Phenylmalonic acid dimethy- 
lester) 

7. Note on solvents in manufacturing of aspirin 

8. . Soap from C5 to Oyo acids for cattle grub control. 


1940- 

1. Galactose for use with Eupatin 

2. Making of galactose from milk sugar. , 
3. Short monthly statements on work - no detail. 
1941 - 


1. - Discussion on Tibatin process and possibility of increas- 
ing production. 

2. Improvement in 4,4~ diaminodyphenylsulfon. 

3. Tibatin + galactose experiments. 

4. Detailed method for making galactose from lactose 

5.  Diseussion on method for "E-Sulfon". 

6. Detailed method for making Tibatin 

7. Method for making Eupatin 


1942- 

A Summary of years work, mentions purification of wheat 
germ oil, sublimation of aminodichloPide oxidation of &+ 
oxychinoline, a substitute for Zephirol, work on Atebrine 
and Tibatin. 

2. Digcussion on B-Picolin and Degenal 

3. Report on wheat germ oil 

4. Report on wheat germ oil 

5. Fractionation of Kollidon with acetone 

6. Study on preparation of Nicotinic acid. 


1943- 

1. Report on wheat germ oil concentrate 
2. Status of production of Tibatin 

3. Purification of Amylehydrate 
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4. Report of work on 2~aminopymidin and 2=amino-/,-sethylpyr- 
imidin. 

5. Report on Propional 

6. Report of Acetone vs petroleum ether to purify aspirin 


L94~ 


1. Very short reports on nicotinic acid, galectose, 2-anino- 
phyrimidin, prospinaldehyde, methyldebe~ nal. 
Folder 17: Report of Dr. Haensel, Develop. Dept. for 1944. 
1. Method for isolating Bepicolin from Pyridine III Fraction, and 
making nicetonic acid, 
2. Removal of contamination from Prontosil. 


Folder 18; Reports of Dr. Wiegand, Develop. Dept. 


1937- 

1. Expose on Bedoran (E 8977) 

2. List of indazol derivates (phenyl, naphthyl, dihydro, 
methoxy, tetrahydra) 

3.  Lthterature search cn 2,4, Dichlorbenojc acid, 

he Method for making septazin. 

5. idethod for 2-4 Dichlorotolulol. 

6. Discussion on Astrocid. 

7. Detailed method on analysis of Septazin. 

8. Report on acetparamid and its chlorhydrate (dated Nov. 
5, 1935) 


1938- 

1. Report on work on production of Jiethyl and Ethyl ethers 
of g-methyl-2-oxy-3-chlortetrahycrofuren, 

2. Detailed method and discussion on C Ester. 

3 Method for preparation of Aricyl. 

4 Preparation of Pyrazolene from Dialkylncionicacia. 

5. Preparation of Novantisol. 

6. Work sheet on "W.214" (axphenyl-B-(p-methoxypheny1) - 
acrylicacidnitrile) 

7. Detailed method for production of Aricyl. 


1939- 

1. Brief discussion of sodium Frominal. 

2 Discussion on patent spplication No.A 1316=34 on n-alkyl- 
methyl-barbituric acid. 

3. Discussion of some oestrone syntheses. 

iia Some substituted barbiturates. 

5. Report on barbituric acid. 

6. Patent disclosure on Volamidester (J-60-724) (IV D/120) 
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10. 
1940 
a 
Re 


3. 
Ae 


Petent disclosure - Dial anc Urethane - new berbitrate. 
Licht absorption and constitution studies on Ethylene * 
diazomethane. . | 

Details of laboratcry method to make 2-methyl-2-methoxy- 
tetrahydrofuran fro. a-chlor-a-acetox-Unthyl-acecit acid 
ester. 

Analysis of Eupurgen. 


Report of work on Sulphathiazol. 

Revort of work on Thiazol-pyrimidine, 

Report of work on anthranilicacid analid. 

Report of work on condensation cf B-ketoacid-ester and 
Malonicacidester and their derivatives with 2-amino- 
thiazole. 

Discussion of homologs of barbituric acid. 

Analysis of sulphathiazol. 

Patent discussion - "sun burn" salve with pyrentet- 
rasulfonic acid- also used in ringworm, 


19%1- 


° e e 


* 


0 Ow OS wm Wn 


Report on sulphathiazol operations. 

Report on Sulfapyridine. 

List of products similar to Delial. 

Detailed method for making sulphathiazol. 

Work on using NaOH instead of NagCO3 in the reaction of 
2-aninothiazol with Prontylchloride. 

Sulphathiazol for ampules. 

Laboratory method for making sulphathiazol. 

Laboratory method for 2-aminothiazol. 

Condensation of Ethylene and azomethane. | 

Renort on saponification of intermediates in production 
of sulphathiazol. 


Report on lowering cost of purification of. sulphapyridine. 


Report on improvement of reacting prontyl-chloride with 
2-aninothiazol. 


Folder 19: Annual reports of Dr. Dérr, head of Develop. Dept. 
1941 thru 1944. Gives subject index of work done by each member 
of department. 


Folder 20: Patent application on thio-urea derivatives. 
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Report or Dr. Goth, Develop. Dept. for 1937, 1938 and 


part of 1939. 


BrwSs2g -/ 


wa WD Fe 


1$37- 

Report of work done on the stabilization of Phanodorm. 
“hort discussion.on Prontosil S. 

Short report on "Vogan" (Vit 4). 

Report on Sodium Sal‘cylate granules for Uruguay. 
Report on insect repellent work. 
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6. Detailed method for making Prontosil S. 


1938- 

1. Discussion of a substitute material for "Zelioktrner" 
(mouse bait) 

2. Brief discussion on Tutocain. 

3. Brief report on effervescent sodium salicylate for 


Uruguey. 
1999- 


1. Short notes on poison baits for mice. 
2. Formula for effervescent aspirin tablets. 
3, Short report on packaging studies on Paranoval. 
4e Outline of patent application on mouse baits. 
5. Short note on method of drying effervdscent sodium 
salicylate for Uraguay. 
6. Short discussion of poison wheat for mouse baits 
Thallium fue; zine phosphide strychnine 


Folder 22: Reports for years 1937 and 1938 by Dr. -Lautenschlager 
(later head at Hoechst) 


1937: 

1. Abstract of years report of work done on Atebrin, Vitamin 
Bi; Benzytol, Phophytine. 

2. Short report on Atebrine yield from various Italian 
pyridin samples. , 

3. Note on analysis of Halecrin-Phosphorous. 

4. Short report on Atebrin work. 

5. Note on Atebrin method 

6. Note on Vitamin B, by Pyrimidine-dmid method. 

7. Short report on Italian Pyridine 

8, Detailed report on work to prepare a easily filtrable 


Halokrin-Phosphorus. 
9. Brief description of method for Phaophytin from Blood 
- meal, 
1938- 


1. Outline of work done in 1938 on Atebrin, "Dicarbon" inter- 
mediate for Halocrin, Dicarbon-K-Salt, Phdophytin from 
stinging nettle, nitrochinolin, aminochinolin, and 
Benzpyren. 

2. Short note on method for Piperazine 

3. Short note on 2-4 Dichlorobenzoic acid. 

4. Report on work on Akiron 

5. Detailed method on Atebrin 

6, Detailed report on Halocrin (Dicarbon-K salt). 

7. Further discussion on Atebrin - thru Halocrin 

8. Detailed method for making Ph&ophytin. 

9. Further work on Atebrin and its purification. 
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